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The growth and progress of the world’s airline 
system has been inseparably associated with the 
aircraft's ability to operate more and more 
independently of the weather and thus maintain 


Sperry had played a part in this 
ment by introducing successive advances in 
instruments and automatic controls as aids to 
-all-weather flight. The latest development — the 
Zero Reader Flight Director—has been welcomed 
and adopted by many of the great airlines —. 3 
of the world. x 
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SIR WILLIAM S. FARREN, C.B., M.B.E., F.R.S., M.Inst.Mech.E., Fellow, 
was born at Cambridge on 3rd April 1892 and educated at Perse School and Trinity 
College, Cambridge. He intended to become an electrical engineer and started at 
the British Thomson Houston Co. in 1914. Shortly after the outbreak of the First 
World War he was asked, at the suggestion of Professor Bertram Hopkinson, to join 
the Royal Aircraft Factory at Farnborough, and he was in charge of the experimental 
and design aspects of aerodynamics there from 1915 to 1918, and took a special 
interest in experiments in flight. He learnt to fly in 1916 on Farman Longhorns and 
Shorthorns, and continued flying as a pilot whenever there was an opportunity 
until 1948. 


From 1918 to 1920 he was on the staff of Sir W. G. Armstrong Whitworth 
Aircraft Ltd., and was associated with them, and with Armstrong Siddeley Motors, 
as Consultant until 1935. 


In 1920 he returned to Cambridge as University Lecturer in Engineering and 
later in Aeronautics. With Sir Melvill Jones, he took part in the research work for 
which the Department of Aeronautics at Cambridge is known throughout the 
aeronautical world. He was a Fellow of Trinity College, Cambridge, from 1934 
to 1937. He also lectured on Aircraft Structures at the Royal College of Science, 
London. 


In 1937 Sir William abandoned academic work and became Deputy Director of 
Scientific Research at the Air Ministry. On the outbreak of the Second World War 
he became Deputy Director, Research and Development, Aircraft, and in 1940, 
Director of Technical Development at the Ministry of Aircraft Production. 


In July 1941 he returned to Farnborough as Director of the Royal Aircraft 
Establishment and took up flying again, partly to learn for himself something of the 
problems of modern aircraft, and during the next few years he flew most British, 
many American and some German aircraft. In his five and a half years at the 
R.A.E. there was a great increase in the Establishment’s staff, buildings, equipment 
and activity. 

At the end of the War he decided to enter the Industry and was Technical 
Director of the Blackburn Aircraft Company from 1946 to 1947 and since November 
1947 has been Technical Director, A. V. Roe & Co. Ltd. 

Sir William was made an M.B.E. in 1918, C.B. in 1943 and was created a Knight 
Bachelor in 1952. He has been a member of Council since 1945 and in that year 
was also made a Fellow of the Royal Society. He was Vice-President of the Royal 
Aeronautical Society in 1952-53. 


Sir William takes office as President on 7th May 1953. 
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URING the year Area Branch Meetings have been 
D introduced. The first was held at Coventry and 
the second at Bristol. At the recent Branches’ Con- 
ference everyone was satisfied with the result, and it was 
agreed that the experiment was a success. 

I have already written of the meeting at Coventry. 
The Lecture at the Area Meeting at Bristol was given 
by Dr. S. G. Hooker, Engine Division, Bristol Aero- 
plane Company, on 16th April, on “ The Development 
of the Bristol Proteus Propeller-Turbine Engine.” 

The attendance was about 350, of which about 40 
came from the Yeovil Branch and 70 from the Chelten- 
ham and Gloucester Branch. 

Before the lecture Dr. A. E. Russell introduced the 
President. who spoke of his pleasure at being present 
and the importance of the work of the Branches. 

In his lecture Dr. Hooker told of the development 
of the Proteus engine: it seemed to me that he was 
enjoying the lecture as much as his audience. 

This was my first visit to Bristol and, at the invita- 
tion of the Bristol Aeroplane Company, I spent the 
morning and afternoon, prior to Dr. Hooker’s lecture. 
at Filton. Mr. Clinton showed me over the Engine 
Division, and I must admit I was glad that he had 
thoughtfully provided a car. In the afternoon I saw the 
Brabazon and the Britannia, one belonging to the past 
and the other to the future. 

With the exception of Manchester and Leicester (and 
of course Singapore) I find I have now visited all the 
Branches. I have developed a great admiration for the 
“amateur” organisers in the Branches of the Society. 
To quote Mr. N. E. Rowe, the Chairman of the 
Branches’ Committee, “they do a wonderful job of 
work.” 

Within the last few weeks I have visited Derby and 
Glasgow, at which places Main Lectures have been held. 
The attendances at these lectures are very good, some 
people travelling considerable distances to be present. 
I'm told that Branch Secretaries find that members 
travel many miles to attend lectures outside their own 
Branch, but hesitate to travel furlongs to a lecture “at 
home.” 

The Hatfield Branch gave their Annual Dinner on 
24th April, and the President and the President-Elect 
were both present. After the dinner “ Hells Angels” 
was shown to an audience which had obviously very 
mixed feelings. 

I wish to make a few remarks on the Revised 
Regulations and Syllabuses for the Associate Fellowship 
Examinations, which have just been published. 


Part I 


All candidates must take the following three 
papers : — 
1. Pure Mathematics 2. Mechanics 
3. Physics 


in addition candidates must take two papers selected 
from the following group :— 
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4. Aerodynamics 

5. Strength of Aircraft Materials and Theory of 
Structures 

6. Thermodynamics 

7. Theory of Machines 


Part Il 
The papers in Part IT are divided into six main 
subjects in each of which a number of papers are set. 
They are :— 
Subject: ADVANCED AERODYNAMICS (Three papers). 
Paper No. 8—Aerodynamics A 
No. 9—Aerodynamics B 
No. 10—Aerodynamics C 
Subject: THEORY OF STRUCTURES (Aircraft) 
Paper No. \1\—Theory of Structures A 
No. 12—Theory of Structures B 
No. 13—Theory of Structures C 
Subject: AIRCRAFT DESIGN AND DEVELOPMENT 
Paper No. 14—Aircraft Design and Development A 
No. 15—Aircraft Design and Development B 


Subject: POWER PLANT AND DEVELOPMENT 
Paper No. 16—Thermodynamics and Theory of 
Machines 
No. 17—General Design, Piston and Turbine 
Engines 
No. 18—Piston and Turbine Engines 
Subject: AIRCRAFT MANUFACTURE 


Paper No. 19—Economics and Management 
No. 20—Production 
No. 21—Aircraft Manufacture 


AIRCRAFT OPERATION 
No. 22—Air Transport 
No. 23—Meteorology 
No. 24—Radio Engineering 
No, 25—Operational Air Transport 
Candidates are required to take three papers in Part 
II. one of which must be selected from :— 
Aerodynamics A 
Theory of Structures A 
Aircraft Design and Development A 
Thermodynamics and Theory of Machines 
General Design, Piston and Turbine Engines 
Economics and Management 
Production 
Operational Air Transport 
The above is an extract from the Revised Regula- 
tions and Syllabuses for the Associate Fellowship 
Examination: this booklet can be obtained on 
application. 
My purpose in quoting this extract is twofold, 
(a) to advise future applicants and comment upon 
the changes, 
to inform the members of the Society of the 
change in Regulations, emphasising the increase 
in the standard of the Society’s examinations. 
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These revised Regulations cater for both the 
specialist and the non-specialist. They cover the specia- 
list who, in Part II, can take Aerodynamics A, B and C: 
tie engine specialist and the structures specialist are also 
given papers to suit their specialist requirements. 
Specialisation has been carried farther than previously 
into Production and Operation. 

For the candidate, studying under conditions where 
the educational facilities do not permit of specialisation, 
there are the “A” subjects and others of first degree 
specialisation. 

In Part I there is now the obligation to take Pure 
Maths, Mechanics and Physics, with options in the other 
two subjects. This is not much different from what it 
has been. 

Summing up, the revised Regulations make the 
fundamentals compulsory and then give either complete 
specialisation, or they permit of a general aeronautical 
education. The choice is the candidate’s. 

It is proposed to introduce the examinations as 
follows : — 


NOTECES 


ELECTION OF PRESIDENT FOR 1952/1953 
Sir William S. Farren, Fellow and Vice-President, was 
elected President by the Council at their April Meeting. 
Sir William Farren will take office at the Annual General 
Meeting on 7th May 1953. 


CLOSING OF THE LIBRARY 
The Library will be closed on Monday, Tuesday and 
Wednesday, 18th, 19th and 20th May 1953, for the 
Associate Fellowship Examinations. 


GARDEN ParRTy 

Members are reminded that the 1953 Garden Party 
will be held at Astwick Manor, Hatfield Aerodrome, on 
Sunday, 14th June. 

An application form for tickets has been sent to all 
Home Members and it is hoped that Members will apply 
as soon as possible for their tickets, in order to help with 
the organisation. 

The theme of this year’s Garden Party is historical and 
with this end in view a number of early and modern air- 
craft are being gathered together from this country and 
the Continent. 


NORTHERN HEIGHTS MODEL FLYING CLUB’s GALA 
The Northern Heights Model Flying Club’s Gala will 
be held at Langley Airfield (by the courtesy of Hawker 
Aircraft Ltd.) on Sunday, 12th July. 
The President of the Club, Dr. A. P. Thurston, extends 
a hearty welcome to all Members of the Society and their 
families to attend. 


HONOURS AWARDED TO MEMBERS 

Mr. WINSTON S. CHURCHILL (Honorary Fellow) has been 
created a Knight of the Most Noble Order of the Garter 
by Her Majesty the Queen. 

Mr. A. A. Hall, Fellow, has been made a Fellow of the 
Royal Society. 

Illuminated Honours Diplomas were presented by the 
Institution of Engineering Draughtsmen and Designers on 
3ist March at a Ceremony of Awards honouring Aircraft 
Designers. The awards were presented to:—R. E. Bishop, 
C.B.E., Fellow; S. D. Davies, B.Sc., Fellow; G. R. Edwards, 
C.B.E., B.Sc., Fellow; H. Knowler, Fellow; A. E. Russell, 
D.Sc., Fellow; and R. W. Walker, Fellow. 


SOCIETY—NOTICES 


New Regulations Part | May 1954 
Part If May 1955 

The Council are aware of the difficulty to candidates 
in the introduction of these new Regulations and there 
will be a period of overlap during which there will be 
set papers under both Regulations. 

Last Examination — Part | May 1955 
(Old Regulations) Part If December 1956 

Candidates will be permitted to take Part I under Old 
Regulations and Part II under Revised Regulations on 
their opting to do so. If there is reference given in any 
paper on the last stipulated examination in either part. if 
necessary, special arrangements will be made. 

The Council do not wish any candidate to be 
penalised due to the change of Regulations, and excep- 
tional circumstances will warrant the exceptional 
consideration. 


Secretary 


WHITSUN HOLIDAYS 
The Offices and Library of the Society will be open on 
Whit Monday 25th May and closed on Monday and Tuesday 
Ist and 2nd June 1953. 


THE AERONAUTICAL QUARTERLY—VOL. IV Part II 
Part II, Volume IV of The Aeronautical Quarterly is 
now available from the offices of the Society at 7s. 9d. 
(including postage) per copy to members, or 10s. 3d. to 
non-members. The contents are— 
On the Noise Emanating from a Two- 
Dimensional Jet Above the Critical 
Pressure 
Some Aspects of Laminar Boundary 
Layer Separation in Compressible 
Flow with no Heat Transfer to the 
Wall 
Buckling of Oblique Plates with 
Clamped Edges Under Uniform 
Compression W. H. Wittrick 
A Note on the Theory of the Constant- 
Area Mixing of Compressible Flows e 
as Applied to High-Speed Wind 
Tunnel Design 
A Note on the Performance of Ducted 
Fans Bryan Thwaites 
On the Resistance of Screens K. E. G. Wieghardt 
Flow Changes in Gases in which Mass 
and Impulse are Conserved 


Alan Powell 


G. E. Gadd 


F. G. Irving 


L. G. Dawson 


MEMBERS’ NEW APPOINTMENTS 

E. W. ALpRICH (Associate) has recently been appointed 
Senior Weight Engineer in the Engine Division of the 
Bristol Aeroplane Co. Ltd. 

R. S. AUSTIN (Associate), formerly of the Ministry of 
Supply, has recently accepted a post as Technical Assistant 
at Vickers-Armstrongs Ltd., Weybridge. 

L. E. BUNNETT (Associate Fellow), formerly a technical 
adviser in the Ministry of Supply, has recently set up as 
a Management Consultant in Prudential Buildings, Epsom 
Road, Guildford. Surrey. 

Mr. W. H. Hamsrook (Fellow) has been appointed 
Technical Manager of Short Brothers and Harland Ltd. 
(Not Technical Director as given in the April JOURNAL.) 
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Major J. ViviIAN HOLMAN (Associate Fellow) was recently 
appointed to the Board of Redep Limited, research, 
development and production engineers. 

J. G. HOUGHTON (Graduate) has recently been appointed 
Senior Lecturer in Aeronautical Engineering at Coventry 
Technical College. 

F/Lt. J. HuntTerR, R.A.F.V.R. (Associate) has recently 
transferred from Refineries Engineering Division, Con- 
struction Branch, to Process Engineering and Development 
Branch, Head Office, Anglo-Iranian Oil Co. Ltd. 

C. F. Joy (Associate Fellow) who was appointed Deputy 
Chief Designer, Handley Page Ltd., last year, has now 
been appointed Chief Designer. 

Dr. G. V. LACHMANN (Fellow) has been appointed 
Director of Scientific Research at Handley Page Ltd. He 
has been associated with the Company since 1921. 

G. H. Lee (Fellow) has been appointed Deputy Chief 
Designer, Handley Page Ltd. He was formerly Assistant 
Chief Designer (Aerodynamics). 

C. J. O. MooruouseE (Associate Fellow), formerly a 
Technical Officer in B.O.A.C.. has recently become 
Aviation Engineer in the Technical Department of Shell- 
Mex and B.P. Ltd. 

Miss B. M. RIMMER (Associate Fellow), formerly of the 
Instrumentation Department, Royal Aircraft Establish- 
ment, has been appointed Head of the Foreign Sales 
Department at the Société de Fabrication d’Instruments 
de Mesure, Paris. 

G. C. D. RuSSELL (Associate Fellow) has been appointed 
Assistant Managing Director of Handley Page Ltd., and 
of its subsidiary, Handley Page (Reading) Ltd. 

S. Scott-HALt (Fellow), Director-General of Technical 
Development (Air) at the Ministry of Supply since 1946, 
has been appointed Head of Technical Services in the 
British Joint Services Mission, Washington. He will take 
up his appointment about the beginning of June. 

R. S. STAFFORD (Fellow), Chief Designer of Handley 
Page Ltd. since 1945, has been appointed Director of the 
Technical Department. 

Professor G. TEMPLE (Fellow), Professor of Mathematics 
at King’s College, London, has been appointed Sedleian 
Professor of Natural Philosophy at Oxford. He will take 
up his duties in October. 

G. R. VoLKERT, C.B.E. (Fellow) has been appointed 
Technical Director of Handley Page (Reading) Ltd. 

P. W. WrerForp-BusH (Associate Fellow) has recently 
been appointed Group Leader in charge of the Aero- 
dynamic Flight Test Section of Canadair Ltd., Montreal. 


Ciary 
LONDON 


May 
AERONAUTICAL Acoustics (ALL Day). Joint Meeting with 
the Acoustics Group of the Physical Society on Aero- 
nautical Acoustics—In Particular Jet Noise. At the 
Institution of Mechanical Engineers, Storey’s Gate. S.W.1. 
10 a.m. to 6 p.m. 

June 11th 
Ninth British COMMONWEALTH AND EMPIRE LECTURE. 
Some Protlems in the Development of Air Transport in 
West Africa. Sir Hubert Walker, C.B.E. Royal Institution, 
Albemarle Street. 6 p.m. 


BRANCHES 

May IIth 
Halton—Pneumatic and Hydraulic Brakes and Tyre Main- 
tenance. W. S. Saunders and F. W. Paterson. Branch 
Hut, R.A.F. Station, Halton. 6.45 p.m. 

May 13th 
Chester—Annual General Meeting. Grosvenor Hotel, 
7.30 p.m. 
Hatfield—Annual General Meeting. Senior Staff Mess, 
de Havilland Aircraft Co. Ltd.. Hatfield. 7 p.m. 


AL AERONAUTICAL SOCIETY 


1953 


May 18th 
Halton—Junior Members’ Night. Branch Hut, R.A.F. 
Station, Halton. 6.45 p.m. 


May 29th 
Glasgow—Problems in the Design of Highly Swept Air- 
craft. G. H. Lee. Royal Technical College. 7.30 p.m. 
Leicester—Gas Turbine Development. A. J. M. Peace. 
College of Technology. 7.15 p.m. 


June 8th 
Halton—Film Night. Branch Hut. R.A.F. Station, Halton. 
6.45 p.m. 


June 29th 
Halton—Junior Members’ Night. Branch Hut, R.A.F. 
Station, Halton. 6.45 p.m. 


ELECTIONS 


The following is a list of new members and transfers of 
membership of the Society : — 


Associate Fellows 


Richard Allen (from Associate); Sydney Leon Britton: 
Stuart Alexander Caird Campbell; Jorge Carnicero 
(from Graduate); George Taylor Dyson; Arthur David 
Ellis (from Graduate); Peter Everard (from Graduate); 
Roy Farmer (from Graduate); John Richard Carter 
Fearon (from Graduate); David Tough Grant; Frederic 
Ronald Green (from Graduate): Gywn Griffiths (from 
Associate); Guido Guerra; William Philip Clifford 
Hagger (from Associate); Arthur Kenneth Hathway 
(from Graduate); Charles Vincent Hill; Allan Gordon 
Honeyman (from Associate); Leon Bridge Jakens (from 
Graduate); Desmond James (from Graduate); Christo- 
pher Linley Johnson; Dietrich Kuchemann; Eric Ernest 
Labram (from Graduate); John Joseph Lindsay (from 
Associate); Peter Richard Lodge (from Graduate); 
Harold Joseph Merrill Londeau; Harry Ogden (from 
Graduate); William Alfred Opie; Victor Alfred Baden 
Rogers (from Graduate); Water Noble Twelvetrees; 
Victor Edward Vause; Archibald White; Robert Henry 
White (from Graduate); Gordon Drummond Wilson 
(from Student); Ronald John Yates (from Graduate). 


Associates 

Jack Stanley Brown; Ronald Frederick Bumstead: 
George Callas (ex. Student); George William Edward 
Clancey; John Barham Colenutt; Norman Crowe; 
William Colin Dee; John Findlay; Ernest Eugene Happe; 
Kenneth Charles Lee; Peter Harry Lumley; Sidney 
Millyard; David Heywood Ross: James Satchell; William 
Harvey Shepherd; Thomas Smith (from Student): Stanley 
George Thompson; John Wilfred Howard Tickle: Frank 
Malcolm Warner (from Student). 


Graduates 

Patrick Alan Amer: Gordon Walter Bleasdale (from 
Student); David Alan Drane (from Student): Robin 
Beadon Lisle Foster; Douglas Bryon Garland (from 
Student); Leslie James Geering (from Student); William 
John Hanlon; Louis Burton Irving (from Student); Derek 
Ralph Johnson: Frederick Alexander MacMillan; Robert 
Sydney Martin: William Francis Meichan (from 
Student): Norman James Munro (from Student); Thomas 
Robert Howard Parkes; Ivor Harold Smart (from 
Student); Govind Narayan Srivastava. 


Students 
Thomas Adam; Roy Leonard Dommett: Edward 
Fiddler; Derek Paul James: Alan John Lyne: Peter 
Leslie Mitchell: Richard Rathbone; Derek Murray 
Squires; Arthur Tomlinson: David Gordon Young. 


ACKNOWLEDGEMENTS 


The Council acknowledge with thanks the return of 
back numbers of the JoURNAL from Miss L. Chitty, Fellow, 
W. D. Gaffney, Esg., Associate, and J. D. Walsh, Esq., 
Associate Fellow, who also returned bound volumes of 
back numbers of the JOURNAL. ' 
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New Materials and Methods for Aircraft 


Construction 


by 


H. J. POLLARD, Wh.Ex., F.R.Ae.S. 


The 875th Lecture to be given before the Royal Aeronautical Society was held at 
the Institution of Mechanical Engineers, Storey’s Gate, London, S.W.1, on 26th February 
1953. Mr. G. H. Dowty, F.R.Ae.S., President of the Society, presided and, introducing 
the Lecturer, Mr. H. J. Pollard, Wh. Ex., F.R.Ae.S., said that it was for him a particular 
pleasure as he had known Mr. Pollard for many years and had had experience of the 
many valuable contributions he had made to the Aircraft Industry. Mr. Pollard served 
his apprenticeship in Manchester, worked in a shipyard on the Clyde and in 1915 went 
to the Vickers Aircraft Technical Office. Later he joined Boulton Paul at Norwich and 
towards the end of the First World War became involved in the design in steel of 
biplane main structural members. He joined the Bristol Aeroplane Co. Ltd. in 1922 
as a specialist in metal construction and many of his ideas had been the subject of patents 
in his and the Company’s name. He was now Divisional Director (Aircraft), of the 

Bristol Aeroplane Co. Ltd. 


1. Introduction 

About twenty years ago I was invited by the Council 
to read a paper before the Society, the title suggested 
being “ The Use of Steel in Aircraft Structures.” At 
that time steel, as the material for important parts of 
main structural members, was giving place to the then 
new and stronger aluminium alloys, and I decided that 
the lecture should be on something of growing, and not 
diminishing, importance; therefore in a paper entitled 
* Some Developments in Aircraft Construction ” (March 
1934) stiffened sheeted structure in aluminium alloy was 
chosen as the theme of the subject. The paper was as 
up-to-date as possible, but it contained no pictures or 
descriptions of British aeroplane structure of that type 
because in this country no aeroplanes (except the 
odd one in which fabric had simply been replaced by 
aluminium alloy) designed basically in that way had 
been built. 

The lecture dealt principally with such theory as 
then existed, the results of tests on aircraft all-metal 
elements were given, and projected methods of construc- 
tion were described. In 1935, Bristol’s “ Britain First ” 
flew—a mixture of steel and aluminium alloy, mainly 
the latter, and strictly an all-metal aircraft except for the 
covering of the moving surfaces; since then, that has 
been the basis of construction for nearly all aircraft 
except for the substitution of aluminium alloy for steel 
for spar scantlings. 

When invited to read this paper, the title suggested 
was “Modern Aircraft Structures.” Basic structural 
design has varied considerably during the past few years 
and is now being profoundly influenced by the advent 
of high subsonic and supersonic speeds, but all construc- 
tion still relates chiefly to the use of aluminium. I 
believe that the time has come when its use may be 
challenged for certain ranges of aircraft structure and 
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that certain materials will come into use for primary 
structure as first did wood, then steel and then alumin- 
ium alloy. The older materials will continue to be used 
in the foreseeable future, particularly aluminium alloy, 
but the use of certain of the new materials, notably 
asbestos and glass-reinforced plastics, over certain 
ranges of size and types of aircraft, should result in more 
efficient and decidedly cheaper structure and other 
components. 


2. Materials Considered 

Some may query the title of this paper since the use 
of the materials to be examined has been known for 
some time. The use of glass fibre, for example, was 
discussed in Mr. Povey’s paper on the “Comet” two 
years ago ~**), while cars with glass and even resinated 
paper bodies have been talked about, made, and written 
up for a much longer time. 

The intention is to indicate the potentialities of new 
materials for primary structure and other aircraft appli- 
cations. Although a few odd items such as glass and 
asbestos ducting, and the like, find secondary application 
in aircraft today, there has been, as yet, little attempt to 
use such materials as asbestos and glass-based plastics 
in the practical design and manufacture of aircraft 
structure for actual flight. Also, it is better to give broad 
outlines of methods and possibilities of a number of 
materials, including the later metals, instead of trying 
a deep study of any particular one of them, because 
developments are likely to so accelerate that such a 
study might well be hopelessly out-dated in a very 
short time. 

The materials particularly in mind, and some of the 
“older” metals have been listed, together with their 
representative strength and _ stiffness properties, in 
Table I. 
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TABLE I 
CERTAIN “ CONSTANTS "’ FOR THE MATERIALS CONSIDERED 
tensile Young's Specific Specific VE 
Specific strength modulus strength stiffness Specific gravity 
gravity Ih. in? Ib. in? Ib./ in? lo. fin? 
Asbestos phenolic plastic— 
Grade 1 1-6 24.000 2°8 x 10° 15,000 88-0 
Asbestos phenolic plastic— 
Grade 2 16 15.000 2:4 x 10° 9,400 1°50 10° 83-7 
Woven glass polyester laminate 40,000 2:2 x 108 23,500 L290? 76:5 
Resinated paper 1525 10.000 0°8 x 10° 8,000 0:64 x 10° 74:2 
Aluminium alloy 2°87 68.000 10°53 10" 23,700 3°66 x 10° 
Magnesium-zirconium alloy 1:8 40,000 6°3 x 10° 22,200 3-50 x 10° 102°6 
Titanium 4-4 190,000 1575 <0" 42,500 3°52 x 10° 56°7 
7°85 100.800 28-0 x 10° 12,800 3°57 10° 38°7 


Steel 

That the weight and cost saving possibilities of the 
“new” materials have not been fully realised hitherto 
is probably due to the fact that, for most projects, 
aluminium alloy has proved immediately adequate both 
from a technical and production standpoint. 

Referring to Table I, it may seem odd that materials 
with such low specific properties as the asbestos and 
glass-based plastics have any range of efficient structural 
application at all. It is well-known, however, that a 
large proportion of the weight of an aircraft structure 
consists of the weights of those components or elements 
where stability of the structure in compression is the 
controlling factor in the design. In such cases, over the 
lower ranges of structural loading, the weight of the 
optimum structure may vary inversely as E* (Young’s 
modulus) divided by the material density, rather than 
inversely as the specific strength or specific stiffness. On 


this basis, as seen from Table I, the asbestos plastic 
materials are considerably superior to aluminium alloy. 

To illustrate this matter more clearly and to indicate 
the ranges of structural loading over which the different 
materials have efficient application for compression 
structures, an Appendix is attached. It will be seen that 
efficiency expressions have been derived from a com- 
prehensive paper on skin-stringer-rib combinations by 
D. J. Farrar’, and application of his work for use in 
this paper is due to my colleague, W. A. Baker, to whom 
I am indebted for the Appendix. 

Figure | (derived from the Appendix and Table I) 
shows that each of the materials has a distinct range of 
efficient structural use and that, over the lower loading 
ranges, highly efficient structures on a strength-weight 
basis may be designed in the comparatively low strength, 
low stiffness plastic materials. 
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Ficure 2. Fibrous nature of crude asbestos rock. 


In addition to tensile and compression strength con- 
siderations, torsional stiffness may have an important 
bearing on the weight of a design, and although these 
materials may show to disadvantage in some cases, ex- 
perience has shown that in many instances the difficulty 
may be overcome by a re-arrangement of component 
geometry. 

The potential structural efficiency of strong plastics 
may not be enough at this date to induce anyone to 
embark on design and employment of the methods of 
manufacture to be described, but there are other very 
attractive features, for example, final low cost and the 
attainment on a component of an extremely smooth 
exterior surface; these things taken together should be 
sufficient to persuade all technical and manufacturing 
executives in the Industry to give the subject their early 


attention. 
° 


3. Asbestos Fibres 

Before describing how aircraft components are made 
from asbestos plastic, it will be of interest to learn some- 
thing of the basic material, and I am indebted to 
H. A. Holmes, Technical Director of Turner Brothers 
Asbestos Co. Ltd.. for a note on the subject. This 
company supplied the material from which the com- 
ponents illustrated in the next part of the paper were 
moulded. 

The name “asbestos” has been applied to a large 
number of distinct mineral species with a common out- 
standing physical characteristic, namely, a_ fibrous 
Structure. There are two particular varieties of asbestos 
which have great tensile strength and are used for the 
manufacture of high grade moulding felts. One of these 
varieties is named chrysotile, and is more or less white 
in colour; the other is crocidolite, which is blue. Both 
Varieties are obtained by mining methods, chrysotile 
mainly from Canada and Africa, crocidolite from Africa 
and Australia. 

After mining, the asbestos bearing ore is treated to 
eliminate all rock, also to separate the asbestos elements 
int grades according to their fibre length, and finally, 


. 


to condition the asbestos by opening up the bundles to 
produce fibres of the desired degree of fineness. The 
latter is of paramount importance and must be deter- 
mined with due regard to the kind of manufacturing 
processes which the fibres have to withstand during their 
incorporation in the end product, in addition to the 
many technical considerations involved. For example, 
asbestos which is intended for manufacture into yarn 
must have sufficient individual fibre strength to prevent 
excessive breakage during the process of carding, be- 
cause the strength of yarn produced will be a function 
of mean fibre length. On the other hand, asbestos 
moulding felts may be produced by methods which are 
much more gentle to the fibre, which can be pre-treated 
so as to produce extremely fine fibres, technically suit- 
able for production of felts in accordance with mathe- 
matical theories’. 

Both chrysotile and crocidolite are capable of cleav- 
age into extremely fine fibres; the ultimate indivisible 
chrysotile fibre has a diameter as small as 200 to 300 
Angstrom units, or 0:00000079 in. to 00000012 in. Put 
another way, a chrysotile “fibre” having a diameter 
equal to a human hair—say 0-0015 in.—would actually 
comprise a bundle capable of cleavage into about 
1,900,000 separate fibres. 

It is obviously impossible to segregate asbestos fibres 
into grades having precise lengths; thus any one grade 
will consist of a whole range of lengths down to dust. 
The grade of chrysotile used for high quality Durestos 
felts has a mean fibre length of about 0-35 in. but, given 
suitable technique, high strength felts can be made from 
fibre having a much smaller mean length. This tech- 
nique makes good use of the amazingly high tensile 


Ficure 3. Asbestos fibres after the first processing. 
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Figure 4. Half moulding tool for half wing section. 


strength of the fibre. which is between 100,000 to 240,000 
lb./in” for chrysotile, and 100,000 to 320,000 Ib./in” 
for crocidolite. These figures compare with about 67,000 
lb./in.* for mild steel and 300,000 Ib./in.* for steel 
piano wire. 

Figure 2 shows the fibrous structure of crude asbestos 
rock; the strata shown is about 2 in. thick. There may 
be two or three fault planes across these fibres. but I am 
told that some of the fibre lengths in this instance may 
be up to ? in.; this is a very exceptional specimen. 

Figure 3 shows the fibres after a first processing to 
clear them of any adhering rock and to open up the 
bundles. They are later orientated mechanically for 
“felt” making and resin impregnation; such a felt will 
be shown later. 

Two further varieties of asbestos for felts are amosite 
and anthophillite, but experience with amosite in hard 
plastic is somewhat limited. While its stiffness modulus 
is good its strength appears to be lower than that of 
long-fibred chrysotile and it appears to contain a pro- 
portion of brittle fibre. The use of chrysotile has had 
a long start on amosite in the matter of development in 
felt form and subsequent structural application, but 
amosite has been handled sufficiently to be able to say 
that it will certainly have its good uses in aircraft work. 
Critical comments on workshop applications would be 
out of place at the present time. To what extent amosite 
can be improved by development of, say, opening and 
subsequent processing techniques remains to be seen. 
I have had no experience at all with anthophillite and. 
therefore, do not care to express a personal view on it. 
Information on the material will be found in Ref. 3. 


4. Asbestos Plastic Moulding 


The material Durestos, a proprietary material pro- 
duced by Turner Brothers Asbestos Co. Ltd., has the 
strength and stiffness shown in Table I and an ultimate 
tensile strength of 30,000 Ib./in.* is frequently obtained 
on test. Unfortunately, the type of asbestos from which 
Durestos is made does not exist in large quantities; only 
a small fraction of the rock quarried yields asbestos 
having the characteristics essential for the highest 
strength. There are large quantities of asbestos poten- 
tially available for the Industry, but the resultant plastic 
has a substantially lower strength than Durestos. How- 
ever. since the stiffness of this “ second-grade” material 
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is not much less than that of Durestos, on the basis of 
E}, it is eminently satisfactory for the appropriate range 
of aircraft, particularly if used in association with metal 
laminates. 

The plastic may be moulded in a number of ways. 
The raw material is supplied in the form of felts, or 
flock, already impregnated with phenol-formaldehyde. 
Polymerisation starts and continues very slowly from 
the time the felt is impregnated, and after a maximum 
of, say six months, depending on how the material is 
stored, it may become useless for its original purpose. 
On the application of pressure and heat after an initial 
“ breathing ” period, the molecular action is completed 
in a quarter-of-an-hour or so. With heat only, the 
“cure” must take longer to permit the dispersion of 
water vapour without disruption of the fibre pattern; 
with pressure it is possible to control this dispersion 
over a short period of time. 

Confining attention for the moment to high strength 
parts only, Fig. 4 illustrates a half moulding tool for a 
half wing, the top part of the tool having been removed. 
Strips cut from the sheets of felt may be laid in the slots 
which represent the skin stiffeners, either longitudinal or 
transverse, and more felts are laid over them which, 
under pressure, conform to the required surface and 
which, on the inner side, bond perfectly during the full 
cure cycle to the stiffening members previously placed in 
the die slots. The closed die is then fed into an hydrau- 
lic press of appropriate size, and pressure is applied. 
Hot water under pressure is passed for an adequate 
period through ductings suitably located in the die and 
then. by means of a switch-over cock, cold water is 
passed through the same ductings until the temperature 
is down to 60°C.; this may take 5 to 10 minutes. The 
degree of cooling is fixed by handling problems and the 
question of distortion. The die is then taken from the 
press, opened, and the moulding removed for fettling, 
fitting attachment, and so on., Atgother felt-loaded die 
should be ready for passing énto the press; by having 
sufficient dies and a matched technique for loading them, 
the press (and its ancillaries), an expensive piece of 
equipment, can earn its keep. 

Mention has been made of the supply of the raw 
material in the form of “ flock.” In this state, the cured 
plastic has much less strength than when moulded from 
felt, due to the comparatively ordered system of fibre 
distribution in the latter state; but in most cases since 
the flanges moulded integrally to the inside of the felt 
surfaces act primarily as stiffeners’ to the skin, the 


Figure 5. Wing mouldings ready for joining. 


* 
ashy 
| 
fe 
j 
: 
+ 
i 
tare 
tl 


rature 

The 
id the 
m the 
ttling. 
die 
aving 
them, 
ce of 


e raw 
cured 
from 
fibre 
since 
ie felt 
n, the 


4. J. POLLARD ~NEW MATE 


MATERIALS AND CONSTRUCTION METHODS 281 


strength of those stiffeners in flock is adequate for their 
purpose, in addition to being able to cope with shear 
loads within limits, which have to be transmitted be- 
tween the upper and lower surfaces. This fact leads to 
a modified system of moulding in which the felts—with 
any laminar metal reinforcements—are laid in the die, 
the resin-impregnated flock being then injected under 
high pressure along the slots in the closed die; thus a 
wing surface may be produced, the internal stiffeners of 
which in flock are moulded integrally with the surface 
felts. This method has considerable production advan- 
tages over moulding the stiffeners from felt strips. 

Assembly is completed by gluing two half wing 
sections, upper and lower, together on the median plane. 
It has been ascertained that the best results are obtained 
through the use of a hot glue, for example Redux, in 
joining the wing halves, the essential heat being electric- 
ally applied. 

Figure 5 illustrates two halves of a wing moulding 
ready for joining. 

Figure 6 shows a large hydraulic press with a steel 
two-piece die in place on the press platen, and a mould- 
ing is shown below. Generally, tools of this type in 
association with hydraulic presses are only used when 
extreme consolidation of the material, and consequent 
maximum strength in the moulding, are required. 

If the production requirement is relatively small, a 
zinc die can be used with advantage, the heat essential 
for curing being supplied from electric heating elements 
let into the body of the zinc castings. Alternatively, if 
the component is geometrically suitable, high frequency 
induction heating may be used. 

For wings, fins, rudders and roughly laminar struc- 
tures of that kind, the procedure as described is relatively 
easy to follow, but a departure has to be made when 
roughly circular sectioned bodies, such as fuselages, are 
required. It would be possible to divide such structures 
into halves or quarters and pressure mould the panels in 
the way described and subsequently glue them together, 
indeed for bodies of small diameter this may well prove 
to be best; but a manufacturing method more suitable 
for larger bodies or components of special shape has 
been devised. 

The basis is to mould the component completely 
through the use of a “pressure vessel,” on the inside 
walls of which are laid the felts, more or fewer of them 
at any location as the designer requires, with ribbings 
and such-like provided as necessary, together with metal 
laminates and attachment points. 

The pressure in these cases may be supplied by in- 
flating a rubber bag of suitable shape to the desired 
pressure after it has been inserted in the pressure vessel 
and the ends closed, the whole being then placed, say. 
in an oven—or possibly surrounded by infra-red lamps. 

Figure 7 shows such a pressure vessel for a large 
tube, the two halves taken apart, the moulding lying in 
the lower half with the rubber bag partly withdrawn; 
the lower picture shows the finished moulding. 

The rubber bag method is not entirely satisfactory 
in all cases and it is often better to spray the felts after 
they have been “laid up” in the vessel with latex; the 
essential thing is to ensure that the felts are forced 


Ficure 6. High pressure moulding from hydraulic press. 
against the containing vessel with the necessary pressure, 
which is not done if the compressed air gets between the 
felts and the inner surface of the container. 

Figure 8 shows a moulding for a large element of 
fuselage. 

Moulding may be done in other ways, for example 
the well-known vacuum pressure method developed by 
the Royal Aircraft Establishment and described in the 
references. 

It is appropriate in relation to these references that 
tribute should be paid to the work done at the R.A.E. 
in the development of this strong plastic. Had it not 
been for the basic investigations which for years J. E. 
Gordon and his colleagues have been making at Farn- 
borough on asbestos plastic, it would not have been 
possible for us at Filton to have made the progress that 
has in fact, been achieved, and I should like to take this 
opportunity of thanking Mr. Gordon for the help and 
advice which he is ever ready to give on this subject. 


FiGuRE 7. “ Pressure vessel” method of moulding. 


is of 

quate “ 
ter is = 

| 

af 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


A method of wide application for what may be 
termed non-structural parts is the “ no pressure method,” 
also first used by the R.A.E.. in which the “felts” are 
laid on a plaster or other pattern, the cured product 
being then obtained by simply heating the material 
while it is so placed. Ductings for conditioned air, fair- 
ings and parts generally which are subjected to low 
stresses are made in this way: not only are tooling costs 
a minimum but their weight is also a minimum, the 
density of the cured material being but 1-0 to 1-2 against 
1-6 for parts of maximum strength, the saving of 25 to 
30 per cent. being, obviously, most important. 

A method of “lay-up” for “no pressure” moulding 
is shown in Fig. 9, which also shows the type of “felt” 
supplied. Provided that it has not been kept in store 
too long. after damping with warm water it can easily 
be hand rolled or pressed to the shape of the underlying 
pattern. 

The thickness of the moulding varies according to its 
purpose, the appropriate number of “ felts ” being super- 
imposed one on another. Between each layer resorcinol 
resin (to which has been added about one per cent. fur- 
furyl alcohol) is applied. There are two reasons for 
this: first, the resorcinol in setting causes shrinkage and, 
therefore, improves conformability to the pattern and, 
secondly, this resin acts as a catalyst and enables the 
phenolic resin to cure at about 80°C. The function of 


FicurE 8. Large moulding produced by the “ pressure 
vessel * method. 


FiGure 9. Asbestos felt being * laid up.” 


the furfuryl alcohol is simply that of a wetting agent, 
thus enabling the resorcinol to penetrate the felts 
thoroughly. 

The edges are finally trimmed, the complete lay-up 
being stoved at 80°C. for some hours, as already des- 
cribed; the rise to this temperature must occupy two or 
three hours. 

Figure 10 shows an asbestos plastic air conditioning 
duct made in this manner and Fig. 1] a junction piece 
in the same air-conditioning system. 

Whenever possible, the “ pattern” is of permanent 
forti and the mouldings are taken off it in two halves 
and subsequently glued together: a component such as 
that shown in Fig. 10 is made in this way. Sometimes 
the mandrel can be withdrawn in parts, in other cases 
an expendable plaster shell is used, such as the junction 
piece (Fig. 11). 

These are some of the manufacturing details, which 
could be considerably expanded, i.e. application of part- 
ing agents and so on. 

Still another method is through the use of a bag 
press as used in the plywood industry. This speeds up 
the process and gives a rather stronger job than the “no 
pressure” method, without much increase in tooling 
costs. A bag press is shown in Fig. 12. 

The application of these strong plastics wherever 
they show to advantage may require the use of another 
form of autoclave, certainly for large components. The 
“pressure vessels ” already mentioned have to be strong 
enough to resist the internal pressure of, say, 100 Ib. /in.’, 
or higher, and their provision can be a major manufac- 
turing job, while there are stringent regulations in rela- 
tion to their use. With an autoclave, however. the 
manufacture and testing has only to be done once for 
the production of any number of different shapes of 
mouldings. 

Inside this equipment is placed a cradle, or a num- 
ber of them at each loading of an autoclave. As these 
cradles are not subjected to differential pressure they 
can be of the lightest construction so long as they do 
not deform under their own weight and can withstand 
ordinary shop handling. The felts are placed in a cradle 
to the desired “lay-up” and then sealed off so that air 
cannot get between the felts and the face of a cradle; 
heating elements are suitably disposed round it and, for 
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Ficure 10. Conditioned air duct for Britannia. 


a production run, are fixed permanently to a cradle; a 
vacuum connection is made to the inside face to ensure 
that a proper seal has been made and finally, with all 
cradles installed in the closed autoclave, connection is 
made to the air pressure line, the vacuum pump, and 
heat is applied for the desired period. Thus a high 
pressure moulding is obtained from standard shop equip- 
ment at a minimum cost of time and money for tools. 

Figure 13 shows such an autoclave with cradles for 
the production of a moulded fuel tank. Fig. 14 shows 
the autoclave and the same cradles with the heating 
elements in position and Fig. 15 illustrates an autoclave 
for moulding large components. 

Finally, there is the well-known vacuum moulding 
process developed at the R.A.E. Atmospheric pressure 
alone gives better strength and consolidation than the 
“no pressure ” technique and also, better surface finish, 
which is identical with the surface finish of the mould 
of pattern. 


5. Glass Fibre Plastic 


A study of Table I and Fig. | indicates the probable 
structural efficiency of glass compared with asbestos 
plastic. It will be seen that so far as the buckling 
criterion is concerned, over lightly loaded structures, 
glass plastic is slightly inferior to the asbestos plastics. 


FIGURE 11. Junction piece in the air-conditioning system 
on Britannia. 
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On the other hand, for highly loaded structures, glass 
plastic covers an identical range to that of aluminium 
alloy; so far as tension is concerned it is superior. The 
coincidence of the woven glass curve with aluminium 
alloy is remarkable. There are, however, greater diffi- 
culties in making a composite member from laminar 
metal and resined glass than from asbestos plastic; this 
problem has to be overcome. 

This paper is concerned mainly with practical appli- 
cations and methods of fabrication of this new material, 
and such aspects of the subject in respect of glass were 
thoroughly dealt with by my colleague, G. C. Hulbert, 
at a Convention at Ashorne Hill held on the 13th and 
14th May 1952. The subject was “ Glass Fibre Rein- 
forced Plastics.” A number of papers were read, and Mr. 
Hulbert’s paper on “Glass Reinforced Plastics in the 
Aircraft Industry ” should be read by anyone interested. 
Another paper by H. Cole, on “The Relationship be- 
tween the Composition of Structure and Physical 
Properties of Glass ” should also be read; Ref. 22 relates 
to these and other papers read at the Convention. 

These papers are available, so the subject will not 
be dealt with here at length, but there are one or two 
things which are worth noting. 

Glass plastic was first brought to our notice in con- 
nection with radomes, which are made in either single 
or multiple laminated shells, or fabricated in sandwich 
form including the “foamed in place” type. In these 
applications because of the excellent electrical trans- 
parency properties alone, the material has come to stay. 


FiGure 12. 


Schubert bag press showing patterns in place and 
finished mouldings. 
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The next application which was forced to our notice 
was due to early fatigue failures of air conditioning 
ducts in metal, arising mainly from impulses transmitted 
from the compressors. On one of our new civil types 
of aircraft it was necessary during the development 
stage to strengthen in metal the walls of ducts near the 
compressors from 24 §.W.G. light alloy to 16 S.W.G. 
steel to achieve the required life. The use of glass 
plastic ducts abolished the fatigue failures and the 
original weight was substantially regained. 

So much for these and other special uses, particularly 
in shop equipment, drop hammer tools, tinsmiths’ beat- 
ing tools, drill jigs, and so on, all of which have been 
described from time to time. 

The position, so far as structure is concerned at 
present, is as indicated in Table I and Fig. 1, but there 
are certain things to be borne in mind with glass fibre. 
Unlike asbestos, it is not a natural product. It can be 
drawn to a very small diameter, 0:0002 in. or smaller; 
the variation in strength with fibre diameter is shown in 
Fig. 16. The difficulties which originally met the fibre 
producers may gradually be overcome without the use 
of highly expensive platinum crucibles which are still 
necessary for drawing the finest fibres. 

Although in Table I 40,000 Ib./in.? has been taken 
as the strength of woven glass laminate, the material is 
obtainable in forms giving much higher strengths, for 
example as thread or as yarn, the difference being due to 
the imperfections introduced by weaving and the higher 
resin content on laminating. 

With raw material as supplied at present with a resin 
content of 30 per cent. the strength values of glass yarn 
impregnated with a suitable resin may be well in excess 
of 80,000 Ib. /in.*, with a density of 1-7, which is equiva- 


On the opposite page. 
FIGURE 13 (top) shows 
a medium sized auto- 
clave and cradles for 
moulding for asbestos 
plastic fuel tank. 


FIGURE 14 (bottom). 
Cradles with heating 
elements in place. 


FiGuRE 15 (right). 
Large autoclave 
showing cradles. 


lent to 166 tons/in.* steel. If the fibres are laid at right- 
angles then the figures are halved, but that gives an 
equivalent of 83 tons/in.*, which may bear very heavily 
in favour of glass in the future, the point being that these 
fibres can be laid exactly where the designer wants them. 
That may not be done easily right away, but there 
appears to be no reason why any design requiring special 
orientation of fibre should not be obtained, given the 
time and money to develop the necessary machinery. 
There are good reasons for believing that the present 
value of E may be raised to 6 or 7 x 10° or, say treble 
its present value. A curve for glass plastic having that 
value of E is shown dotted on Fig. 1 and it is clear that 
if such a value is realised eventually in works practice, 
as distinct from in the laboratory only, then aircraft 
design and construction will be revolutionised rapidly. 
This paper is concerned only with what can be done 
now, but the possibilities of glass plastic for the future 
should not be ignored. 

Improved values in the stiffness properties and 
strength of asbestos may also be possible'’®’, and then 
the asbestos plastic structural efficiency curves will show 
to greater advantage. 

A large question still to be settled is the best and 
distinctive fields of application for the two plastic 
materials, and in that connection the following matters 
must be taken into account, apart from the fundamental 
considerations given in Table I and Fig. 1. 

One property of glass laminates in which they are 
much superior to asbestos plastic is that of resistance 
to impact. A part may be subjected to violent impact 


loads, for example such as would occur on a bridge 
pontoon if a section of bridge were dropped endwise 
onto it. 
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FicurE 16. Variation of strength with diameter for glass fibres. 


Figure 17 shows a pontoon built chiefly from glass 
fibrous materials. 

Apart from resistance to local damage, parts made 
from asbestos plastic in series production are cheaper 
than glass plastics, and 35 per cent. lighter if the “no 
pressure ” technique is suitable for the moulding of the 
part required. Where strength (necessitating higher 
pressure) is a requirement, then there is little in it in the 
matter of density. 

For certain applications, glass tape can be wound on 
a mandrel mechanically. 

Figure 18 shows the manufacture, by mechanical 
means, of a tube from glass fibre tape. 

In general, a prototype component in glass can be 
obtained faster than one in asbestos, because polyester 
resin Marco 28C can be cold set. and since no heat or 
pressure is required, the tooling can be elementary— 
wood and plaster is adequate. With asbestos plastics. 
more elaborate tooling is needed because as already 
stated phenolic resins are used which need heat, and 
usually some pressure, for curing. 

It will be gathered that it is not possible at the 
present time to define strictly the fields of application 
of glass or asbestos plastic and that what at present is 
good respective practice with these materials may be out 
of date a year hence—a point which should be kept in 
mind. 

So far as glass is concerned, what is needed is a cloth, 
yarn or fibre, pre-impregnated with resin before being 
made to conform to the moulding tool: glass fibre 
material so impregnated is likely to be available in 
quantity at an early date but heat and pressure will be 
needed for curing this material. Further reference to 
this matter is made in the section on Resins. 
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6. Cellulose Fibre Plastic 


Hitherto the use of cellulose as a reinforcement hs 
been attended by serious distortion troubles when 
laminated in conjunction with urea-formaldehyde or 
phenolic resins. This is because cellulose fibre absors 
water and swells, and neither of these resins forms a 
complete protection against water ingress. 

More recent experiments with Kraft unsized paper, 
laminated with polyester resin and cured below 100°C. 
to preserve the normal moisture content of the fibre, 
have shown distinct improvement. Immersion of such 
laminates in water for extended periods shows water 
absorption of only about two per cent. and the attendant 
dimensional changes do not appear to be serious. 

Preliminary results obtained from creped Kraft paper 

25 per cent. crepe) laminated with Marco 28C resin 
gave an average of 10,000 Ib./in.? ultimate strength 
longitudinally, with 5,000 to 6,000 Ib./in.* transversely. 
These strengths were associated with the low specific 
gravity of 1-1. The value for E derived from these tests 
is so far disappointing, being only 0-75 x 10° Ib./in” 
longitudinally. 
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Since many varieties of paper, including those with® } 


glass fibre content, remain to be tested, it is confidently 
expected that these figures will be considerably in- 
creased. Because of the false thickness caused by the 
creping of the paper, those laminates already tested have 
been deficient in fibre content, sometimes as low as 30 
to 35 per cent. 
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Increasing the fibre content alone by® fj 


about 20 per cent. should result in significant improve-§ wy 


ment. 

It is not proposed to discuss other forms of cellulose 
fibre because information on these has been published 
from time to time by the R.A.E. 
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The subject of paper plastic brings into prominencef re 


another form of moulding, pre-forming. 


7. Pre-forming 
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The problem of “lay-up” is common to all com-f at 
ponents made from existing forms of felt, mat, cloth andF to 
even flock, irrespective of the tooling and processing st: 
method adopted (except for flock when used specifically th 


for injection moulding). 


Unless closely watched, they fo 


time spent in “laying-up” a component can exceed thef at 
sum of the time for all other operations. This has led§ re 
to the extensive use in the U.S.A. of pre-forming thef th 
fibres direct into the shape required without the inter-f be 
mediate felt, cloth or flock stage. Progress is now being§ pr 
made in the United Kingdom with the development off ha 


the system. 


po 


The method is simply a modification of long practice Frc 


in the paper industry, and consists of suspending the)" 


fibres of any suitable material, or in some instances flock 


for 


containing resin powder, in a suitable air or liquidy P° 
medium and then drawing, by vacuum means, those" 
fibres on to a mould or cradle of the desired shape.f 'h 


This method, as it develops, will need to be directed to- 
wards the better orientation of fibres to give greater 
strength than at present obtained. but it should certainly 
cheapen the mouldings. 
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8. Resins 

\ great deal still remains to be done with resins in 
reluiion to strong plastics. While their primary purpose 
is t) bind the fibres together, they do not themselves 
contribute much to the tensile or shear strength of any 
structure, but in some degree they influence the stiffness 
properties of a laminate. 

Broadly speaking, the phenolics show to greater 
advantage in this respect than do the polyesters, but this 
is accompanied by increased brittleness of the cured 
laminate. The gain is of the order of 50 per cent. com- 
pared with a polyester-cured laminate. 

Marco 28C is a typical example of a polyester resin 
which can be applied to large components which are 
normally cured in the open atmosphere without any 
special application of heat or pressure. At present there 
is no evidence to show that the use of either heat or 
pressure has any permanent effect upon the mechanical 
properties of polyester resin/glass cloth laminates and 
even if it did, it is probable that the cost of the tools 
and equipment for temperature and pressure curing 
would not be justified except in a few special cases, or 
when large numbers off were required. On the other 
hand, the shortening of the process time cycle might well 
justify that method of curing. 

The fact that phenolics are associated with asbestos 
fibre and polyesters with glass, appears to be largely 
accidental and presumably arose from the laminating 
techniques originally developed for the two kinds of 
fibre, as well as for the uses for which these laminates 
were originally produced: for example, polyester lam- 
inates are inferior to phenolic in the matter of softening 
under heat. but from another angle, the polyester lam- 
inates have superior electrical properties. 

Certainly, a polyester resin used with asbestos fibre 
results in a satisfactory laminate, subject to the limita- 
tions already indicated. However, with asbestos, the 
use of woven cloth is frequently wasteful and since 
asbestos felt is rather difficult to handle for normal 
factory use, before resin impregnation, it is understand- 
able that the phenolics have been chosen in preference 
to polyesters because of lower costs and greater chemical 
stability in the uncured state, together with the fact that 
they can be partially cured in the felt stage prior to 
forming. In the past, polyester resin had to be applied 
at the laminating and forming stage for glass, but quite 
recent developments in this country have resulted in 
the production of a modified polyester resin which can 
be used to pre-impregnate glass fabrics and mats. These 
pre-impregnated materials are simpler and cleaner to 
handle than similar materials impregnated with ordinary 
polyester resins, but unfortunately at present they suffer 
from the disadvantage that both pressure and heat are 
necessary to cure them. Naturally this limits their use 
for many purposes. If, however, a large number of com- 
ponents are being made, the use of heat and pressure 
may not be a severe handicap and in such circumstances 
these new materials might be competitive with phenolics. 

The use of phenolics with glass is not new since it 
has been used in the United States and in certain com- 
mercial applications in the United Kingdom. From the 
Outset glass has been: more intimately connected with 
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Ficure 17. A large pontoon built mainly from 
glass-fibrous material. 


electrical uses and this has influenced the resin chosen. 
For normal insulation purposes, the phenolic resins are 
more liable to permit the access of water molecules to 
the glass, causing instability and deterioration of the 
insulation properties. Since the access of water to the 
glass could also reduce the mechanical properties, the 
use of phenolics has been regarded with suspicion, so 
far as glass is concerned, particularly since water is a 
by-product of phenolic resins during curing. 

For radar use, it has been found that polyester resins 
are more transparent than phenolic resins to the exceed- 
ingly short wavelengths used nowadays for “radar.” 
Since the wider use of glass in aircraft sprang from its 
application to radar structures, it is not surprising that 
polyester resins have continued to be used in the Aircraft 
Industry since they provide, so far, the cheapest manu- 
facturing technique. But, as already stated, this is 
intimately bound up with production requirements. If 
the numbers off are large, and other things are equal 
(for example, electrical transparency), then phenolics 
might be much cheaper than normal type polyesters. 
because of speed of production. It may be necessary to 
revise this opinion some time in the future when further 
experience has been gained with the new pre-impreg- 
nated materials. 

Up to the present, despite a knowledge of the 
requirements for components for special purposes, the 
selection of the resin-fibre combination to be used in 
these new structures has to be based largely on the 
known characteristics of the materials themselves. Un- 
fortunately, like many other new materials, much 


Ficure 18. The manufacture by mechanical means of a tube 
from glass fibre tape. 
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remains to be investigated and this lack of information 
has tended to result in the development of “rule of 
thumb ” methods, rather than methods based on careful 
research. 

Fortunately, many investigations are now in hand 
and are being directed towards extending the knowledge 
of these resins and their behaviour under varying appli- 
cations, and it is hoped that by this means the future 
selection of materials will be based on known data 
proved by experiment. At the same time a considerable 
improvement is most likely in the properties of the resins 
as a result of these investigations. 

From the viewpoint of the aircraft designer, the im- 
provements most needed, in order of priority, are: — 


(a) increased temperature resistance without exces- 

sive cost, and 

(b) increased stiffness in the finished product, par- 

ticularly in the case of glass laminates. 

Resins are now available for laminating purposes 
which keep their properties up to a temperature of 
250°C. and it is quite probable, from work being done 
in the U.S.A., that similar results will be obtained at 
300°C. in the more or less immediate future. 

This important subject of resins may not have been 
dealt with as a specialist chemist would have done, but 
a few leading points have been mentioned which should 
interest the engineer who intends to make a practical 
start on the subject of strong plastics. More funda- 
mental knowledge on the subject is to be found in the 
proceedings of the Sixth and Seventh Meetings of the 
Reinforced Plastics Division of the Society of the 
Plastics Industry, which deal with the subject very 
thoroughly, in addition to the numerous articles which 
have appeared from time to time in the American pub- 
lication “ Modern Plastics.” 


9. Foamed Resins 

There are considerable potentialities for a light- 
weight, thermally resistant foamed material, first as a 
medium to fill thin sheeted, lightly loaded structure, thus 
giving stability to the sheets and eliminating the use of 
internal metal stiffening. Secondly, as a sandwich core 
material for radomes, the external surfaces of which are 
foamed from thin glass cloth laminates. In the second 
case, in addition to its mechanical properties, the elec- 
trical transparency of the foam is of importance. 

A wide range of resins have been tested. The ideal 
final choice seems to be between two varieties of alkyd 
resins, one based on adipic and the other on sebacic 
acid, the foaming agent being a di-isocyanate. Rigid 
and otherwise satisfactory foams of this type can now be 
produced over a range of densities giving weights down 
to 3 pounds per cubic foot. Experiments are in hand 
for establishing the techniques for pouring the prepared 
resins into various hollow shapes for the purposes men- 
tioned, the compounded liquids foaming and setting in 
situ. As the isocyanates used in the process are toxic, 
special precautions are necessary when establishing the 
workshop technique. 

An excellent article on the subject will be found in 
the January 1953 issue of “ Aircraft Production ”‘*. 
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10. Aluminium Alloys 

It is not proposed to discuss aluminium alloys as a 
material. Constructional details differ, for example 
wings may be designed with one spar, two spars, multi- 
spars, thin covering sheet heavily reinforced, and so on, 
but in nearly all cases, apart from a very small amount 
of spot welding, assembly of sheets, spars, stiffening 
members, is done by riveting of some kind. Methods of 
manufacture only, particularly methods other than rivet- 
ing, will be discussed. 

One case in which sheets are assembled to stiffeners 
and the like is the Comet on which extensive use is 
made of Redux'**’. The method is also used fairly ex- 
tensively on the Britannia, and far more Redux would 
have been used on that aircraft if our development of 
the applied technique had started a little earlier. A 
detailed description of the method will be found in 
Ret. 25. 

It is hard to understand why more designers have 
not adopted the Redux process; it saves weight and cost, 
a good finish may be obtained through its use, and no 
enormously expensive new plant is needed. 

Riveting is costly, particularly flush riveting, and 
especially that which gives a really smooth surface. 

If Redux were chosen as the means of assembly of 
thick plates to reinforcing members of comparable 
thickness, say both half-inch, then difficulties might 
arise if the pressure at cure was not sufficient to bring 
the metal at the glue line into real contact. Moreover, 
a new difficulty would have to be overcome in the 
matter of the correct temperature and pressure at the 
glue line if either the skin or stiffeners were tapered in 
thickness, which would certainly be the case for really 
large aircraft or one with high structural loading. 

This latter problem should not necessarily be in- 
superable; while the temperature factor is very impor- 
tant and experimentation would be necessary in order 


to settle the number and disposition of the heating} 


elements, it has been proved that perfectly good Redux 
joints can be obtained over a wide range of pressure, the 
essential thing on pressure being to ensure that the sur- 
face of the parts to be Reduxed are in good contact 
along their whole length at the time of lay-up before 
cure. 

In the case of structure heavily tapered in plan view 
(thus achieving a constant load per inch chordwise along 
the span) and heavily reinforced with stiffeners, i.e. with 
increasing numbers of stiffeners towards the wing root 
as in the Brabazon (with its structure weight of only 24 
per cent. on a version of Mk. II weighing nearly 150 
tons) and the Britannia, enabling a highly efficient 
structure without the gradual tapering of thick sheets. 
then this method of assembly shows to advantage for 
aircraft of that type over—say—the integral machining 
of reinforcements from thick plates of metal. 

The necessity, however, for machining large areas 
of wing surface from thick plates of aluminium alloy 
cannot be ignored. The necessity is with us now if only, 
perhaps, for special cases at present. But it is a matter 
of evolutionary experience in aircraft progress that the 
special case of today is the common requirement of 
tomorrow. 
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While in this paper, emphasis has been laid on 
lighter structure, the continuous demand for higher 
speeds is forcing down thickness chord ratios which may 
well become, say, one-quarter only of the average ratio 
on what may be regarded as the standard civil aircraft 
of today. This will lead automatically to very thick 
wing root plating, heavily tapered and adequately stab- 
ilised; for this construction integral machining appears 
to be eminently desirable. 

As is known, this method has been used and is under 
development in America for large wing surfaces or 
elements of the wing, but the capital cost of the equip- 
ment, including materials, has proved an effective brake 
on developments in the United Kingdom. Once equip- 
ment is installed, however, there can be no doubt that 
where very thick skin plates are essential, integral 
machining will show great savings in time and cost 
compared with a similar type of bolted or riveted 
structure. There can be no doubt either as to the 
efficiency of the fully-machined structure on a weight- 
strength-stiffness basis. 

To make the method worth while, certainty from the 
beginning that the completed aircraft will be a success 
is a necessity. Since everyone is always quite certain 
about that, it may be more to the point to say that a 
good run of Mk. I should be assured before Mk. II is 
introduced with its bigger wings to carry the larger 
loads required by a new batch of customers. It is hard 
to see how, without an adequate production run, the 
capital expenditure for integral machining could be 
justified. One of the big advantages with the present 
skin-stringer type of construction is the facility with 
which major modifications can be executed. 

In thickness up to 2} in. the maximum weight of 
slab on offer in the United Kingdom today is limited to 
1,300 Ib. in D.T.D. 687A and 1,960 Ib. in D.T.D. 546. 
This allows a slab to be produced in D.T.D. 546 of, say 
18 ft. by 6 ft. by 14 in. Slabs of 24 ft. long x 2 ft. wide 
x24 in. deep but at a maximum weight of 1,650 Ib. are 
also available. The cross-sectional area cannot exceed 
44 square inches in D.T.D. 687A, which can be substan- 
tially increased in the less strong alloys to give a weight 
of 1,650 Ib. for a maximum length of 24 ft. There is, 
therefore, clearly a severe limitation, particularly in 
thickness, if a reasonable width is to be maintained. But 
the maximum widths and lengths available are small, 
having regard to the fact that the whole essence of the 
idea of integral machining is the minimum use of joints, 
particularly those running in a chordwise direction. 

Many discussions have taken place in this country 
on the size of plate needed to make the method worth 
while; one request was for a slab of volume 125 ft.’, 
which is about eleven times larger than the maximum 
at present obtainable. The provision of such a slab 
appears to be right outside the sphere of what is practi- 
cal for years to come. For my part, I would be very 
happy to think that material 50 ft. x 4 ft. x 4 in. would 
be available in, say three to four years’ time. A width 
more than 4 ft. would be better, but a limit must be 
fixed before an all-embracing proposition can be 
formulated. 


!t is necessary, however, to get some experience on 
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integral machining with the material now available, and 
if a start is made with the straight tapering of plates of 
maximum size, machining fitted joints along longitud- 
inal edges essential for smooth overall finish, and then 
machine-cambering the surfaces on one side to the 
requirements of the assembled aerofoil shape, it will be 
found that there are enough problems to be solved to 
go on with. Such tapered plate surfaces of maximum 
plate thickness at the root could be bolted or riveted to 
the integral structure in the first instance, and the true 
integrally machined wing from really thick slab could 
be left as the next field for practical exploration when 
such slabs are available. 

One of many questions which will arise then is 
whether it will be better to take a fully heat-treated slab 
and work out most carefully the machining operations 
and stages of adjustment so as to avoid any final warp- 
age, or to machine completely an annealed slab and 
obtain the final required contour and mechanical 
properties of the material by quenching the fully- 
machined wing surface in huge water-cooled dies. There 
is no point in attempting answers now to these typical 
questions; much experience is needed before the answers 
will be known. 

It is also purely a matter of conjecture when large 
wing surfaces with forged flanges for stiffeners and shear 
member connections will become available. 

It is certain that the machining of thick material of 
adequate length and width is one of urgency, but the 
case I have tried to make is that progress will be faster 
if a start is made now with the material obtainable so 
that the numerous problems involved are understood, 
instead of waiting until much larger stock is available. 
Nothing has been said about the equipment for the 
machining, jigging, copying, and so on. This would 
involve collaboration between the aircraft designer and 
the machine tool maker, but the provision of this equip- 
ment would be a secondary matter compared with all 
that would be entailed, including the solution of new 
metallurgical problems, in obtaining plates several times 
the present maximum possible weight. 

A programme of development should be drawn up 
and put in hand without delay since it would be several 
years before all the required information could be ready 
for publication. In the meantime, work on “future” 
plastics will continue and an earlier answer to the 
problem of large, heavily loaded thin wings may be 
found there, but this possibility should not interfere with 
development work on machined wings, even though it 
will involve large sums of money. It may well be that 
the ultimate answer will be found in a combination of 
metal and plastic for these structures. There are good 
grounds for putting that forward as a real possibility, 
particularly for overcoming the obvious difficulty of 
assembly of large thin wing elements. 

There has been much controversy on the formability 
of heat treatable high strength light alloys, but the 
Society of British Aircraft Constructors has now issued 
a comprehensive and valuable report on the subject'?®’. 


11. Magnesium Alloys 
Three years ago there seemed a good chance of the 
fairly early large-scale production of primary structures 
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in magnesium alloy. The problem was the building of 
aircraft with exterior surfaces far smoother than any- 
thing yet done, except by expensive painting and polish- 
ing, and by far cheaper methods than could be achieved 
by riveting. 

Figure | indicates the excellence of magnesium alloy 
over a wide range of structural application, and much 
experimental work has been done on fabricating and 
ascertaining the physical and mechanical properties of 
magnesium alloy structure. 

All investigational work has been completed and 
written up in great detail*’’. The fatigue strength of 
the alloy considered as the most suitable for the purpose. 
that is. the material having the best combination of 
weldability and strength, came into question for the 
thicker plates towards the end of the investigation and, 
to my knowledge, has not yet been resolved, but the 
basic cause and the cure will undoubtedly be ascer- 
tained. The prospects of good reward for the effort are 
evident, and no trouble was experienced for sheets from, 
say, 10 to 18 S.W.G. 

Apart from an improvement in fatigue life over the 
thicker range of plates, a reduction in notch sensitivity 
is also worth attention. Good welding avoids the latter 
but riveting cannot be eliminated completely. 

In the meantime, consideration of the use and build- 
ing method for the appropriate range of aircraft which 
show to such theoretical advantage with this material. 
is well worth the attention of designers and constructors. 
Briefly. the reasons for the choice of welding equipment 
used will be found in the S. & T.M.*”’, together with a 
detailed description of the machine, the welding opera- 
tion. a study of the weld strength and other properties 
of the metal, the method of construction, a brief exam- 
ination of costs, and the basis of the structural design 
with test results and conclusions. 

Figure 19 indicates typical elements of welded 
construction. 

“T” extrusions are automatically and continuously 
butt welded, either to each other in the case of T’s 
having wide, straight-through flanges or, if these cannot 
be obtained with sufficiently wide tops, then the extru- 
sions are inter-connected by means of plate of appro- 
priate width and thickness. All welds are made at one 
pass. Three-quarters-of-an-inch is the maximum thick- 
ness of material butt welded with existing equipment at 
one pass, with complete penetration. 

Transverse or chordwise welds follow those spanwise. 
The thickness of the plates decreases towards the wing 
tip and the inner and, therefore, thicker plate at any 
chordwise abutment is machined down over a width of 
half-an-inch or so to the thickness of the thinner adjoin- 
ing plate, thus making the chordwise weld possible. The 
inwardly extending flanges at these lines of chordwise 
welding are either bolted or riveted together by the use 
of fish plates, this feature being also associated with the 
attachment of the shear members which may be either 
plate or open Warren type bracing. Before that, how- 
ever, when all the welding is finished the exterior weld 
beads are milled off and then each completed surface is 
bent to contour under heat between appropriate blocks 
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Ficure 19. Wing structure assembled from welded 
magnesium alloy. 


(shaped to the wing contour) in a drop hammer of \ 
adequate size and tup weight. ‘ 
All the welds shown in Fig. 19 were done in an auto- f 
matically traversed machine in which the arc was struck c 
between a fixed tungsten electrode and the parts to be a 
welded together, the filler rod being automatically fed J 
to the weld pool. Another automatic machine was con- [ y 
structed in which the arc was struck between the 
magnesium alloy workpiece and the magnesium alloy | ¢ 
filler rod. Although the traverse speed of this machine | p 
(named “complete metallic arc”) could be 80 per cent. 
faster than for that having the fixed tungsten electrode, — 4] 
the latter is preferred at the present time for production Fm 
purposes. A description of the “complete metallic } st 
arc” machine will be found in an S. & T.M. to be & e; 
published B 
Welding by both methods is done in an inert F be 
atmosphere. pl 
Riveting is not entirely eliminated by the foregoing F su 
methods, but probably 90 per cent. of it could be elim- 
inated with the attainment of a completely smooth F lo, 
surface. an 
The material chosen was Mg-Zr-Zn alloy, nominal f pi 
content, 96 per cent., 0-7 per cent. and 3-0 per cent.f re: 
respectively; equally Mg-rich material known as AZ.31, § tar 
i.e. 3 per cent. aluminium and one per cent. zinc, plus a F fat 
little manganese, could be used if desired. This material 
it is understood is used exclusively on American aircraft Fad 
in which magnesium alloy is employed for primary} mi: 
structure. From data to hand there should be little ha: 
difference in structure weight whether this or the zircon- § she 
ium alloy is used, and there appears to be no difference § lite 
in weldability. Tests on the fatigue strength of AZ.31 & all 
are in hand. usiI 
From the aspect of fabrication costs alone, the [ seri 
methods of assembly described would show great sav-—) wh« 
ings Over structure completely assembled by riveting. will 
It might be added that tungsten arc automatic weld- J tim 
ing has been tried on high strength aluminium alloy and § of t 
the welds were even better than those in magnesium § allo 
alloy, but while the full static strength of the parent 
aluminium alloy metal was obtained at the welds after 13. 
heat-treatment, such fatigue tests as have been done ; 
have shown the material near the welds to considerable § "€w 
disadvantage, compared with the parent metal. Again, ~ 
our 
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treatment of a complete welded wing structure is not a 
task one would care to contemplate. 


12. Titanium 

In a paper such as this something should be said on 
Titanium, but a brief comment is all that is needed. 

A lecture on it was given on 29th January by Major 
P. L. Teed (Titanium—A Survey) and a short memoran- 
dum on titanium, with bibliography, was issued about 
six months ago by the Society of British Aircraft Con- 
structors”*’; the properties of the material are given in 
great detail in a M.S. Report®"’. 

The main concern here is the probable effect on 
weight of an aeroplane constructed from Titanium as 
the principal material, and the answer is given in Fig. 1. 
Reference is only made to compression elements, but 
where tension is the criterion, then the use of Titanium 
alloy will show to advantage; for example, massive steel 
fittings with bolts and nuts used at pick-up points on 
components could be made from Titanium from the 
aspect of weight saving but, as will be found in the 
references, there are mechanical difficulties associated 
with this use of the material. 

The biggest advantage lies with the designer who is 
concerned with the installation of gas turbine power 
plants, particularly where the hottest parts pass through 
the wing or fuselage structure. Because the structural 
aluminium alloy may not be subjected to temperatures 
much in excess of 150°C., he is forced to use stainless 
steel for structural parts where this temperature may be 
exceeded, similarly for bulkheads, fairings and the like. 
But even with titanium, a temperature of 600°C. should 
be the limit for this purpose. The total saving in re- 
placing steel in some aeroplanes for these parts is 
surprisingly large. 

The engine designer, particularly, has something to 
look forward to when the material becomes available 
and at a reasonable price; the savings in weight in jet 
pipes, shrouds and many internals should prove to be 
really substantial where the corrosion and erosion resis- 
tance qualities, together with the strength and good 
fatigue properties, of the material can be utilised. 

Reference is made in the §.B.A.C. report to the 
advantages that arise in the use of titanium alloy for 
missiles from the kinetic heat aspect, and the material 
has actually been used for this purpose in America. In 
short, a perusal of the references, together with the 
literature sent out by the makers and vendors of these 
alloys leaves one without any doubt that anyone not 
using this material where it is applicable, will be at a 
serious disadvantage with those aircraft manufacturers 
who do. But it has to be remembered that such users 
will have to have access to a lot of dollars for some 
time to come if the total requirement is, say, 10 per cent. 
of the material hitherto used in the form of aluminium 
alloy and steel. 


13. Conclusion 

The question naturally arises as to what effect these 
new materials and methods of construction will have on 
aircraft of the future. Probably the answer could be 
found by surveying, briefly, the progress made within 
one’s own experience over a space of nearly forty years. 


NEW MATERIALS AND CONSTRUCTION METHODS — 


At the beginning of that period, all biplanes were of 
wood, with mild steel fittings, high tensile wire and 
fabric. Monoplanes had been built but had temporarily 
fallen out of favour. 

When a weight compilation was made for a new 
type, the structure element was fixed, optimistically, at 
about one-third of the all-up weight, but a figure of 40 
per cent. or more was often realised in those days. I 
remember when tailplane loads were taken at 40 Ib./ft.? 
for purposes of tail stressing, irrespective of anything, 
and a case comes to mind where that figure was halved 
for the only reason that the aircraft would not have got 
off the ground otherwise. 

Designers gradually began to absorb and line up with 
their experience all the reports which were pouring out 
of the R.A.E., and the N.P.L. As aircraft got larger, 
the load factors were reduced, but there was a limit to 
that and calculations were based on certain geometric 
laws showing the inevitability of increase of percentage 
structure weight with increase of span. and so on, but 
by the end of the First World War there had been a 
perceptible fall in structure weight for all sizes. 

In May 1919 Dr. A. P. Thurston read a paper before 
the Society entitled “ Metal Construction of Aircraft,” 
and during the discussion a certain distinguished aircraft 
engineer took umbrage at a statement he was alleged 
to have made that five tons was the limit in weight for 
an aeroplane, and said that in his view, with the intro- 
duction of materials of higher specific strengths, aircraft 
of four times the weight of the heaviest then flying 
(which was 15 tons), that is, of 60 tons gross weight 
might one day be built. I do not know what the reaction 
would have been at that lecture if someone else had 
followed by saying that that weight of 60 tons—which 
seemed to most of -us to be absurdly high—would, in 
fact, be more than doubled 30 years later, together with 
a fall in structure weight to less than 25 per cent. from 
the 32 per cent. or so for the largest aircraft then built. 

During that period there has been a continuous 
growth of knowledge on all the forces that may act on 
an aircraft under some condition or other, and load 
factors and factors of safety are now logically based. 
More efficient available materials are known and more 
efficient ways of using them, this paper has in fact merely 
been descriptive of a step in the continuous progress on 
materials and structure since the early days and, as there 
is plenty of evidence to show, this progress will assuredly 
continue. Add to that the parallel developments in 
every Other field of aeronautical engineering and aircraft 
operation, developments which are, if anything, increas- 
ing at an accelerating rate, and we are forced to the 
conclusion that, should they be required, it will be 
possible to build economic aircraft—probably flying 
boats—within a comparatively short period of years, of 
at any rate three or four times the weight (if not ten 
times as in the case of the past thirty odd years) of the 
heaviest aircraft built today. 
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APPENDIX 


MATERIAL EFFICIENCIES IN RELATION TO COMPRESSION STRUCTURES 


This note is based on a paper on skin-stringer-rib 
construction by D. J. Farrar'’’. 

Similar material efficiency ranges will appear for any 
structure in which stability of the wing panels in com- 
pression has a bearing on the design. 


Notation 
P compressive end load carried per inch width 
of skin-stringer combination 
L_ rib or frame spacing 
T thickness of skin which has the same cross 
sectional area as the skin-stringer combina- 
tion 
E compression Young’s modulus of skin- 
stringer material 
f mean stress realised by skin and stringers at 
failure (Note: f=P/T). 
fp proof stress of the material 
D_ depth of rib or wing section 
T,, thickness of an ideal plate rib which has the 
same weight as the actual rib 
W weight of skin-stringer combination per unit 
area 
W. weight of skin-stringer-rib combination per 
unit area 
p material density 
» Structural efficiency 
Farrar has shown that the weight of skin stringers 
and ribs per unit surface area for a wing compression 
surface of optimum design is given by 


where F is a constant defined only by the general geo- 
metry of the cross section and is a measure of the 
structural efficiency of the skin stringer combination. 

The constant F has a definite maximum value for 
any given type of stringer design and is given by 


F=ap fe egy 
PE 


The optimum rib spacing of the combination is 
given by 
pa (PTE) 


From these three basic equations. by substituting 
for L in equation (2) 


From equations (1) and (4) 


Pf 
4F? F? 
f/p thus provides a convenient efficiency criterion for 
comparing the potentialities of different materials. 
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From equation (4) 8. 
E} 
= material parameter 


= loading parameter 
DT, p 

As the loading parameter is increased, the stress in | | 
the compression skin will increase until the proof stress | — 
of the material is reached. 

In the so-called proof stress range the approximate | !4 
weight of the structure per unit of surface will be 


given by 1s. 

+ L (7) 
= PE 
Ip- 17. | 
therefore 

| 

From equation (5) DI 
l 2 \3 ] trans! 
P ) is ) durat 
i ) selves 
eseal 
for nad L 
| ( I ) + ( 2 ) 1 stron; 
did 
(=) Po )e | at pre 
¥ that t 
; (8)| vast e 
Efficiency equations (6) and (8) have been plotted '° be 


against loading parameter P*/ DT, for different materials 
in Fig. 1. 

The loading ranges into which different major com- 
ponents of large aircraft generally fall have been indi- 
cated on the graph. 

For the majority of structures [P*/(DT,)< 44-10°] those 
magnesium zirconium alloy is shown to be the opti- perhay 
mum material while for heavily loaded structures At 
[P*/(DT,,) > 44:10"] the lightest structure would be one made | 
in aluminium alloy or glass polyester plastic. These fatigue 
three materials theoretically cover the whole range. materi 

Over the low loading ranges, however, the asbestos crackin 
based plastic materials are superior to aluminium alloy. “Sed in 

When operating at normal temperatures titanium the dif 
alloys are shown as efficient only at extremely high Phe 
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Discussion 


DR. H. SUTTON (Ministry of Supply, Fellow): The 
translation of results of research on materials into more 
durable and more efficient aircraft structures was even 
more difficult than the evolution of the materials them- 
selves. In the non-metallic field the fundamental 
esearch on materials was hardly able to meet require- 
ments. Mr. Pollard had touched on the value of a very 
strong fibre in materials of the asbestos type and they 


did want improved fibres, particularly those available 
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at present for products such as “ Durestos.” He agreed 
that the scope for that class of material was capable of 
vast expansion if fibres having the properties they knew 
to be desirable could be manufactured. 

Mr. Pollard had mentioned the success his Company 
had gained in avoiding fatigue failures in air condition- 
ing parts by the use of glass fibre material, reinforced 
glass fibre-plastic. The vibration damping charac- 
teristics and favourable performance under vibration of 
those materials were really rather impressive and 
perhaps they were not generally realised. 

A feature which had come out of recent experiments 
made by his colleagues at Farnborough was that under 
fatigue under loaded-hole conditions some of those 
materials would stand higher stresses without fatigue 
cracking than some of the light alloys at present 
used in airframes, even when no allowance was made for 
the difference in density. 

The production of large wing surfaces having 
integral stiffeners was attracting attention. It was an 
alluring subject, especially if the braces and riveted 
joints could be cut down and the attendant sources of 
corrosion and fatigue reduced. A final shaping of 
those large units would be difficult and it would not be 
eas\ to leave them in a healthy condition for internal 
Stresses and general properties. 

He was glad that Mr. Pollard thought that gluing 


would go some way towards enabling them to make 
stiffened units, especially in view of handling problems 
connected with machining from large slabs. 

Did Mr. Pollard feel that modern inert argon arc 
welding could not be used for some of the joints in 
modern aluminium-rich and magnesium-rich alloys to 
produce pieces which, under fatigue, would not be too 
bad in comparison with the mechanically jointed 
pieces ? 

When Mr. Gordon gave his fourth annual lecture to 
the Plastics Institute he pleaded for phenolic-filled 
materials at reasonable prices. He understood that 
about 2s. a pound was suggested. The point was it 
would really help to get those things going more rapidly. 
It really was important that trade in the newer types of 
resin should be made available by the industry at prices 
which would help them through the development stages 
more quickly. A good many of them remained too long 
in the rather fancy area. 

He would pay a tribute to the work which Mr. 
Pollard and his colleagues had done on the magnesium 
structure. It would be very nice indeed if, through the 
efforts of those concerned, they could have bigger sheets 
in magnesium alloys with improved fatigue properties. 
That alone would be a great stimulus. 


W. HARDY (Ministry of Supply): Within the past few 
days various defence estimates had been published 
which showed appreciable increases over the previous 
year. In his paper Mr. Pollard had written about 
materials which he said would reduce the cost of aircraft 
construction. Those materials had attractive properties 
and in view of the possible economies likely to be 
effected by their use, they merited careful consideration 
from that angle alone. . 

The technical case for the structural efficiency of the 
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plastic materials was presented in Table I and Fig. I. 
In Table I the bottom four materials were metals or 
alloys and it was logical to so tabulate materials in the 
same sort of family having the same sort of construc- 
tional methods applied to them. But was it equally 
logical to place other types of material, e.g. non-metals 
requiring quite different constructional methods, in the 
same table and after calculating specific properties try 
to compare the different types ? He rather fancied that 
the conclusions might be wrong, they might not be as 
good as they should be for the non-metallic materials. 

He had not read the paper referred to in the 
Appendix so his remarks on it were assumptions. He 
assumed first that the author of that paper had made a 
number of metallic test pieces and after testing them 
had produced his formulae based on the experimental 
results. His own line of argument was that it was 
perhaps unfair to the non-metallic materials to try to 
apply formulae which had been derived from tests on 
metals and standard methods of construction to a non- 
metal which was going to have a completely different 
method of assembly applied to it. 

With resinated glass or asbestos components, rivets. 
spot-welding and the like were not used. Such com- 
ponents were practically single piece jobs. Therefore, 
was Mr. Pollard satisfied with the picture he had 
presented in Fig. 1? Did it really show the right sort 
of relationship between the different materials? It 
might be right by theig present knowledge, but he 
wondered if it would othe better to have tests made of 
components, not just unit assemblies, but of components 
in which the valuable features of those new materials 
could be utilised ? He was thinking also of the difficul- 
ties that Mr. Pollard referred to in his comments on 
aluminium alloys where he talked about integral 
machining. If they considered that problem in relation 
to the problems of manufacture of a structure in 
resinated asbestos, they would find they had a pair, or 
perhaps three or four pairs, of dies to make and once 
those were machined, no further machinery was 
necessary. They had heard the stories about the cost of 
integral machining and they accentuated the early points 
made on the relative costs of the two types of materials. 

He suggested that bigger articles should be made in 
the non-metallic type of material and tested, the parts 
being big enough to be complete components so that 
advantage could be taken of the facilities those materials 
offered in producing really economic components from 
the structural efficiency point of view. 

He had been somewhat startled to read that resins 
which kept their properties up to a temperature of 250° 
were now available for laminating purposes. Did Mr. 
Pollard really mean what he said? If he did it was a 
most agreeable surprise. 


DR. A. E. RUSSELL (Bristol Aeroplane Co. Ltd.., 
Fellow): Mr. Pollard had long been in the forefront of 
those who recognised the worth of new materials and 
their value and application to aircraft structures. It had 
been his privilege to work alongside Mr. Pollard for 
many years at the time when he was engaged in mani- 
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pulating high tensile steel strip into the convolute forms | . 
necessary to stabilise the members of biplanes. His | 
later, even more significant, contribution came at the 
time of the introduction of light alloys and the stresscd 
skin structures. He rather thought the light alloy st:ll | b 
had some time to run but aluminium alloys would not | g 
have lasted so long had magnesium been suitable. Mr. n 
Pollard had shown that the physical characteristics of | p 
magnesium suggested qualities which could raise it toa | 8 
supreme place in aircraft materials. Unfortunately it | o 
was unduly sensitive to fatigue. Mr. Pollard suggested | hi 
that that difficulty would be overcome. Could any | ir 
metallurgists present confirm that there was a really | a 
inherent defect in the material, arising from the shape of 
the crystal structure? That, he understood, was | h: 
hexagonal in form with relatively weak slip-planes, and | w: 
hence the fault might never be really overcome. sp 

Mr. Hardy had made the point that Mr. Pollard’s | m 
whole paper depended on the validity of his Fig. 1 and | ba 
Table I. These were based essentially on a mathe-. H: 
matical analysis defining the design of an optimum) fie 
structure in which the various elements of the various} sc 
components of the structure buckled simultaneously. | wh 
Therefore, one depended on being able to predict the} wh 
critical buckling characteristic of any new material.| we 
Buckling behaviour followed fundamental laws, e.g.’ res 
Euler, and provided that one had appropriate informa-} wo 
tion for any different material there was no reason why 
it should not be applied and reliable comparisons bef} Fo 
obtained. It was true, he supposed, that the curves didf aut 
illustrate geometrically similar structural forms; it} ten 
assumed a straight translation from one material tof bas 
another and as it was unlikely that it would be possiblef spe 
to design a plastic structure having the refined detail of a? cou 
metal one, then it was true that the emphasis on the, beli 
plastics could be a little over done, but not greatly so.) was 
and even if it were slightly exaggerated, it still showed} mic 
promise of valuable contributions to aircraft structures. 
He was not prepared to suggest at present that they were} this 
going to see large aircraft with plastic major structural) pro, 
components, but he saw no reason why it should not be! stru 
applied to relatively small aircraft. som 


be s 
H. B. HOWARD (Ministry of Supply, Fellow): Like} the 


Mr. Hardy, he had known Mr. Pollard for many years) eng, 
and found him an incurable optimist. A few years ago to 

he was optimistic about magnesium and today it wa) resic 
glass. But, leaving those materials aside, it wa’) how, 
manifest that they were not likely to get one material} pjec, 
which would do for the whole of the aircraft. The load} alon, 
co-efficients used in Mr. Pollard’s Fig. 1 always dropped} 
to zero at the wing tip, so that there was always some pop_ 
part of the wing that could usefully be made of asbesto¥ for 
plastic. It seemed to him that a composite wing of thal ang , 
kind with the outer third or so in asbestos plastic and fatjo, 
the rest in aluminium alloy might be quite an efficienl or y, 
combination. If the metal portion were an integral con} ones 
struction it would ease that problem a little. He would he ;), 
also like Mr. Pollard’s views on sandwiches of metal ang ¢, 
plastic sheets. An earlier speaker had _ suggested tempe 
laminated aluminium, but a combination of sheetmetalsyb¢,, 
and plastic laminate might be more efficient than eithefty . 7 


; 
ls 
| 


\athe- 
imum 
iTiOUS 
ously. 
ct the 
terial. 
orma- 
n why 
yns be 
es did 
ns; it 
rial to 
ossible 
ail of a 
on the 
tly so, 
showed 
ictures. 
2y were 
‘uctural 
not be 


): Like 
years 
ago 
it was 


it was) 


material 
The load 
dropped 
ys some 
asbestos 


POLLARD 


separately. Mr. Pollard had mentioned metal reinforce- 
ment plates in his paper. 


MAJOR P. L. TEED (Vickers-Armstrongs Ltd., Wey- 
bridge, Fellow): He suggested that the Specific Gravity 
given in Table I for Titanium was too low for the pure 
metal; it should surely be 4:5 at least, then with the 
pure metal they could scarcely have a tensile strength of 
85 tons/in.*? On the other hand, the specific gravity 
of 4:4 might be possessed by a titanium-aluminium alloy 
having the stated tensile, but if this was what was 
intended he thought that the Young’s Modulus should be 
appreciably higher than that shown in the table. 

Similarly, Mr. Pollard, who he knew to be generous, 
had been a bit mean with his “ E ” for steel, unless this 
was supposed to be an Austenitic one, in which case the 
specific gravity was rather on the low side. These were 
minor matters; his real point of substance was: “Is the 
basis of merit shown in Table I sound?” Like Mr. 
Hardy he had similar doubts. If it were logically justi- 
fied, then in the best of all possible worlds, any really 
scientifically designed aeroplane would, in the parts 
where strength was required, be made of titanium: 
where low flexure was necessary an aluminium alloy 
would be employed, and where high panel buckling 
resistance was necessary, the magnesium zirconium alloy 
would be used. 

Table I he thought should not be taken too literally. 
For example, Professor Orowan who was such a great 
authority on materials, had pointed out that mica had a 
tensile strength of well over 200 tons/in.*. So on the 
basis of Table I, instead of having to have a maximum 
specific strength of 42,000 lb./in.*, by using mica they 
could get one of 157,000 Ib./in.*, but did anyone really 
believe that in the scientifically designed aircraft there 
was, or ever would be, any appreciable quantity of 
mica? He thought the answer was definitely “ No.” 

He believed that the right way to look at Table I was 
this: If a material had no high specific mechanical 
properties, it could not be used advantageously in the 
structure of an aircraft. On the other hand, if it had 
some high specific mechanical properties, it would not 
be so used unless it had some additional qualities and 
the greatest of these were ductility and notch fatigue 
endurance. Engineers and metallurgists had been far 
too apt to consider materials on the basis of their 
resistance to uni-directional stresses. They all knew, 
however, that it was virtually impossible to design any 
piece of structure or mechanism in which such stresses 
alone existed. 

An attractive glimpse had been given of some new 
non-metallic materials, but like Oliver Twist he asked 
for more. How did those materials behave under static 


g of thal and dynamic stress? In what manner did they resist 
istic aN@ faticue ? Were they like glass, fatigued by a static load, 
efficietl} or were they like metals, fatigued only by fluctuating 


gral con 


ones? If Mr. Pollard could not give an answer now, 


fe would he thought he should look into those important matters. 


netal anc 


Could Mr. Pollard say something more about the 


suggest4temperature sensitivity of these new materials? In 
reetmeta subsonic aircraft the temperature range was from — 70° 
an eithelto - 70°C, Could these materials give good service over 
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the whole of that range, and could the upper limit be 
raised to permit their being used in supersonic 
machines ? 

Mr. Pollard seemed to think, in general terms, that 
it could, but he would ask him a direct question. He 
wanted to know the change in mechanical properties 
with the rise of temperature, and he also wanted to know 
the coefficient of thermal expansion and the thermal 
conductivity of the new materials. If the expansion 
were high and the thermal conductivity low, high 
internal stresses would be developed in the materials the 
magnitude of which might be reduced by its ductility. 


S. E. CLOTWORTHY (Northern Aluminium Co. Ltd.): 
On reading the paper he had been a little worried at 
first as apparently aluminium alloys were no longer the 
material for aircraft construction, but he was relieved to 
find that they were still receiving consideration. 

Speaking as a member of the Light Alloy industry 
he would like to associate himself very strongly with the 
remarks that Mr. Pollard had made on the necessity for 
increased manufacturing capacity for the Aircraft 
Industry—increased light alloy facilities, larger extru- 
sion presses, rolling mills which would give wider and 
thicker sheets, and forging presses of which they had 
heard so much from the United States. 

Mr. Pollard had made a brief reference to a recent 
symposium by High Duty Alloys Ltd. and it might not 
be out of place to mention that the cost of a 35,000 ton 
forging press, all in, was something in the neighbour- 
hood of £5,000,000. He mentioned that as a reason why 
his industry could not always give the designer all that 
he required. The same applied to rolling mills and 
extruding presses. 

Mr. Pollard had raised the question of material of 
bigger volume in plate form, mentioning a slab 50 ft. 
long by 4 ft. wide by 4 in. thick; such a slab would weigh 
five tons and need a cast billet for rolling of a little over 
10 tons. That would give a serious amount of trouble 
in manipulating and in heat treatment and finally, in 
distortion on machining. Also, if provision were made 
for rolling a 5 ft. wide plate, someone else would want 
one 5 ft. 6 in. wide and it was difficult to meet all these 
requirements. Those matters had all to be settled before 
anyone could get into the big manufacturing business. 

Much had been heard of the large presses in 
America, where manufacture had started on huge 
forging and extrusion presses. It was not known why 
these were being installed or for what purpose, but it 
was considered to be a good idea. One thing that might 
be of importance was the possibility of being able to 
extrude sheets of large size with integral stringers, and if 
the designers in this country would agree on the depth 
and width of a stringer, they might get somewhere, 
although in his opinion, not much standardisation would 
be obtained. 

A large extrusion press now being installed in the 
United States—the first—of 13,200 tons would extrude 
a flat plate 34 in. wide, and another press was under 
way which, it was hoped, would extrude a flat sheet of 
54 in. wide. What did Mr. Pollard think of structures 
with extruded plates with stringers ? 
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The integral stringer system was not new: in the 
United States sheet with integral stringers had been 
extruded in circular form, which was then cut and 
flattened, but the flatness was not to the satisfaction of 
designers of high speed aircraft. 


J. C. KING (English Electric Co. Ltd., Associate 
Fellow): He had been privileged, just before Christmas, 
to visit Mr. Pollard’s firm and to see many of those 
processes in use and he had been impressed that many 
of them were treated just as most aircraft designers 
treated riveting: this was especially true of Redux. They 
called for it on a drawing and then they forgot about it, 
instead of fretting as to whether the works or the 
laboratory would be able to do what was asked of them. 
Until that approach was more universal they would not. 
he feared, progress very far with the introduction of 
those new materials and methods. 

He would like to hear more from Mr. Pollard of the 
inspection methods necessary with those new manufac- 
turing processes. The approach had to be different 
because of the difficulties of inspecting cold joints and 
thin built up laminated materials. He knew that work 
was being done on matters of that sort but he felt that 
alongside those developments new inspection methods 
and techniques had to be developed. He would like Mr. 
Pollard’s views on the quality control which they 
exercised on those new structures. 

He would press very strongly for the ingenious 
approach to integral light alloy construction, rather than 
the brute-force and ignorance approach of those who 
advocated machining integral skin and stringers from 
large slabs. He referred to the welding together of skin 
and extruded stringers of aluminium alloy on similar 
lines to that indicated by Mr. Pollard for magnesium 
alloy: he felt that perhaps more effort along those lines 
would yield a most promising and economical form of 
construction and one which would satisfy Mr. Clot- 
worthy and the aluminium alloy manufacturers because 
it would make use of the supplies of sheet and extrusions 
already available. 


H. A. HOLMES (Turner Brothers Asbestos Co. Ltd.): 
They in the asbestos industry made, he hoped, a 
scientific approach to their various problems. It might 
interest them to know that they applied quality control 
methods which had been laid down by their qualified 
scientists. For example, it was possible to draw up a 
specification defining the major physical properties of 
asbestos. That specification covered the average size 
of the fibres in terms of surface area, the proportion by 
length of the fibres used in the mix and in addition the 
average tensile strength of the fibres. It was clearly a 
feasible matter to define the various properties of 
asbestos fully and he could not imagine that it would be 
an impossible thing to agree some kind of specification 
acceptable to the A.I.D. 

A thing which had struck him about Mr. Pollard’s 
Table I and the illustrations was that there was a 
definite usefulness for each of those materials. He 
thought they should remind themselves that, apart from 
their own particular usefulness, there was another vast 
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field which might very well be covered by a combination 
of two or more of them. 

He was supposed to say something on the availa- 
bility of * Durestos.” That was very difficult to answer. 
Unfortunately, asbestos being a natural mineral, the 
amount recoverable from the earth’s crust was a finite 
quantity and the proportion of long. strong fibre from 
any one field was small. Furthermore. as a given 
mining property was developed the method of recovery 
changed from open clearing to deep mining, and there 
was an inevitable tendency for the average fibre length 
to reduce. While it was easy with the open mining to 


sort the asbestos by hand and with every care for the | 


longer fibres, it was another matter altogether when the 
mining was being done at great distances underground 
and everything had to be brought to the surface and the 
rock separated from the asbestos by mechanical means. 

Research work in the industry had been largely con- 
cerned with the maintenance and the improvement of 
products using ever-reducing grades of material. They 
had first to determine the physical properties of the raw 
material; the next job was to pull apart the fibre bundles 
and then to reassemble them in their ideal form. The 
important aspect of their problem was that of fibre 
treatment. Such work had been going on for many 
years and had just about reached the stage where they 
could apply their knowledge to the treatment of the 
shorter asbestos elements to utilise the inherent strength 
of the material on a greatly broadened basis. 

While he could not give any figures, there was every 
hope that, given a little time, the asbestos industry would 
be able to make available considerable quantities of 
resinated asbestos felts produced from the shorter 
asbestos fibres. 


E. T. JONES (Ministry of Supply, Fellow): He thought} 


that the lecturer had been too modest. He had rightly 
given credit to a lot of people who perhaps deserved it 
in the early chemical work and the research work which 
had led to the further work and development in the field, 
but Mr. Pollard was himself a pioneer in all those 
materials and the fabrication of them. He had seen a 
lot of Mr. Pollard’s work at Bristol, both in zirconium 
and in the polymers and in Durestos and several of the 
other materials which he had mentioned, and he thought 
he would be right in saying that Mr. Pollard had pro- 
vided the initiative at the time, and he had personally 
done much of the work. 

They wanted those materials in the supersonic 
fighter of the future, the military bomber and the civil 
long distance high-speed aeroplane. They had got to 
recognise now that it was the structural weight and the 
weight of those ancillary pieces of equipment, ducts and 
the like, which did not carry any structural load yet 
which did add up and made a tare weight which was 
often more than they would like to have. He would like 
to see Mr. Pollard there again in about three years’ 
time to show them how they were going to reduce the 
weight of the structure of aircraft. 


H. G. CONWAY (British Messier Ltd., Fellow) 
contributed: An interesting and topical subject relating 
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J. POLLARD 


to Mr. Pollard’s paper concerned the strength of various 
materials of aircraft construction at elevated tempera- 
ture. In some applications, such as turbine components, 
the creep at high temperature was the important factor: 
in others, such as external structural parts subject to 
kinetic heating at high speed, it was the actual tensile 
strength at medium temperatures which was of greater 
interest: in yet other applications, such as short burning 
time rocket motors, it was the short time elevated tem- 
perature strength which they required, bearing in mind 
that that was generally better than the sustained high 
temperature strength. 

In Figure A, the specific proof strengths of various 
materials had been plotted against temperature. In one 
case the short-time strength had been used, this tailing- 
off appreciably less at the higher temperatures than it 
would do when subjected to continuous heat (say. for 
one hour). 

The curves might be considered to be not without 
interest. High tensile steel would no doubt continue to 
hold the field until replaced by titanium. Glass fibre 
was obviously important, particularly since its relatively 
poor thermal conductivity meant that in many applica- 
tions only the surface of the material would become 
heated. 


R. G. WILKINSON and J. B. WILSON (Magnesium 


- Elektron Ltd.), contributed: They had been privileged 


to collaborate with the Bristol engineers and metallur- 
gists in some part of the investigation of magnesium 
alloys, so had been in a position to appreciate the high 
quality and thoroughness of the work; they would like 
to draw special attention to the pioneer development of 
a most efficient automatic argon-shielded tungsten arc 
welding machine. 

It was encouraging to magnesium alloy metallurgists 
that, over a wide range of loading for compression 
structures, the relatively new magnesium-zinc-zirconium 
alloy Elektron ZW3 showed a marked superiority over 
the other structural materials considered and, as Mr. 
Pollard mentioned it was a disappointment to find that 


the fatigue strength of ZW3 plate proved to be lower 


than that of sheet up to about 10 $.W.G. thickness. This 
finding immediately caused all concerned to initiate as 
wide a research programme as facilities allowed. and 
it was hoped eventually to overcome the outstanding 
difficulty. Much work had already been done. and the 
investigation would be continued until some solution 
was found. 

In the meantime there was no evidence of inadequate 
fatigue resistance of ZW3 alloy sheet up to 10 S.W.G. 
and indeed existing data—admittedly not extensive— 
provided favourable indications. 

The present intensive work on the fatigue strength 
of magnesium-zinc-zirconium alloy plate represented 
only a small contribution to the present world-wide 
enquiry into the fatigue strength of light alloys in 
general. It was perhaps true to say that as more and 
more fatigue tests were made on these materials—and 
perhaps especially on the higher strength aluminium 
base alloys—an apparently more and more unfavour- 
able picture emerged. Thus, for example, there had 
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been a review in an unpublished Government report of 
fatigue results for D.T.D.364 extrusions which were 
extremely disquieting when taken outside the context 
of years of highly successful service application of this 
alloy. In the same paper results were also presented 
showing a massive reduction in the fatigue strength of 
plain panels of D.T.D.646B sheet as the width of the 
fatigue test specimens was increased from } in. to 9 in. 
It was possible that such a scale effect might also 
operate with magnesium alloys. 


Dr. Russell had raised the perennial question as to 
whether the hexagonal lattice of magnesium did not play 
some fundamental role in determining the fatigue 
resistance and notch sensitivity of magnesium base alloys. 
So far as could be seen, the original suggestion that the 
fatigue resistance of magnesium alloys might be con- 
ditioned by their hexagonal structure. with its particular 
mode of deformation, was made by W. Schmidt” in 
about 1931. At that time it was thought that the fatigue 
resistance of the material might be connected with its 
damping capacity. Materials of high damping capacity 
were thought to have high fatigue resistance, or at least 
low sensitivity to notches, and vice versa. Schmidt 
pointed out that in this respect magnesium was anoma- 
lous, having, he stated, a high damping capacity com- 
bined with a low resistance to notch fatigue. No serious 
theoretical reasons were offered for the suggestion, 
which appeared to be largely conjectural. 


Since 1931 much work had been done on both 
damping capacity and fatigue resistance. All the 
information available would indicate that the damping 
capacity of magnesium was low, except at high strains. 
where the damping capacity of all materials was high, 
while the fatigue resistance of magnesium relative to its 
ultimate strength had been found to be not dissimilar 
from that of other metals. 


Even today no theoretical explanation of the way in 
which the hexagonal structure of magnesium should 
affect the potential resistance of the material had been 
established. Dr. Russell’s suggestion could not be 
disproved experimentally, since this would involve a 
comparison between cubic magnesium and hexagonal 
magnesium of the same composition, and in the same 
condition, an experiment which was unlikely in the near 
future ! 


Comparisons between cubic metals in general and 
hexagonal metals in general were likely to be misleading. 
but the hexagonal metal titanium showed more than a 
little promise as a fatigue resister, whereas the cubic 
metal copper was known to be markedly notch sensitive. 
For many years the producers of magnesium alloys had 
made fatigue tests, and in general it might be said that, 
as with most other metals, provided that the material 
was in reasonable metallurgical condition, i.e. free from 
flaws or inclusions, the fatigue resistance as determined 
by the Wohler test was roughly } to 4 of the ultimate 
stress, and that if a notch giving a theoretical stress 
concentration factor of about 2 was cut in the material. 
the reduction in fatigue strength was substantially less 
than the 50 per cent. anticipated by the theoretical con- 
siderations. This effect was similar to that for 
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Ficure A. Specific proof strength of materials plotted against temperature. 


aluminium alloys found by the authors of another 
unpublished Government report, who observed that 
extrusions in the aluminium alloys B.S.S.6LI, D.T.D.683 
and the magnesium alloy Elektron ZW3 behaved in 
much the same manner when subjected to notch fatigue 
tests, and obeyed similar laws when the variables notch 
depth and root radius of the notch were considered 
separately and collectively. Some of the results already 
mentioned for high strength aluminium alloys, together 
with those described by Pollicutt®, were pertinent in 
that reductions were observed from the theoretical 
fatigue strength of the materials which were of consider- 
able magnitude, and which indicated that anomalous 
fatigue testing results were by no means unknown among 
the cubic metals. 

Such tests on aluminium base alloys would seem to 
indicate that the fundamental structural behaviour of a 
material might well be the least important of the factors 
affecting the apparent fatigue resistance of a metal. 
Metallurgical condition, structure, presence of inclusions 
or brittle phases, nature and quality of surface, specimen 
size and shape, and the atmosphere surrounding the 
specimen, were all important factors. To those must be 
added method of manufacture and, above all, testing 
procedure and machine effect. It was evident that such 
variables as those could produce a tenfold change in 
fatigue properties, regardless of the structure of the 
atomic lattice of the material. 


Some digression might be permitted to compare the 
resistance of two forms of cubic structure to multi- 
axial stress, since this might have some bearing on the 
characteristics of the hexagonal structure. At normal 
temperatures the hexagonal magnesium lattice was 
generally believed to deform by means of slip on the 
basal plane, together with twinning. This indicated that 
the resistance to multi-axial stress was likely to be low. 
However, a body-centred cubic material, e.g. a ferritic 
steel, had 48 possible planes available for slip, but 
showed extreme sensitivity to brittle fracture under 
multi-axial stresses at low temperatures, whereas face- 
centred cubic materials, e.g. austenitic steels, having but 
12 planes available for slip, showed no such abnormal 
characteristic. Thus it would seem that a simple con- 
sideration of the structural characteristics of the material 
was not likely to give anything resembling a true picture 
of its behaviour under load. 

It seemed clear, that at the present time knowledge 
of the theoretical factors affecting fatigue resistance was 
much too limited to provide a final answer to Dr. 
Russell’s questions. The weight of experimental 


evidence would appear so far, however, to indicate that |, 


a hexagonal lattice was not an inherent disadvantage. 
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H J. 


DR. SUTTON: The question about the future proba- 
bilities on aluminium alloy welding was important 
The welds automatically made in an inert atmosphere 
were completely first-class, better even in appearance 
thin welds in magnesium alloy, and—so far as they 
had gone—free from defects. After heat-treatment the 
static strength of the welds in DTD.603 was about that 
of the parent metal, but no fatigue tests had been done 
as yet on that material when welded. The fatigue 
strength, however, of the weld on DTD.546 without 
heat-treatment ranged from 0-52 to 4:3 x 10° against 
50 < 10° unbroken for the parent metal, the applied 
stress being 14,000 + 4,500 Ib./in.*, the R.A.E. criterion 
for a fatigue test. Those, however, were early welds. 
Because of pressure of other work, that was as far as 
they had gone so far at Filton. It might be found that 
the improved fatigue strength of welded specimens 
followed after heat-treatment, but who would contem- 
plate heat-treating a complete wing box structure or 
fuselage ? Anyway, the first step was to establish basic 
data on static and particularly the fatigue strength of 
automatic argon arc welded material before and after 
heat-treatment. It was surprising that more data was 
not available; neither the N.P.L. nor the British Welding 


, Research Association had as yet got on to the fatigue 


strengths of welded aluminium alloy, although he 
believed some work on the subject had been done in 
America on manual welds. There was, therefore, 
insufficient data to make a comparison between welded 
and mechanical joints in aluminium alloy. Very careful 
design was needed for the former to meet the R.A.E. 
criterion; unless that care was shown it might well be 
that a welded, was as good as a riveted or bolted joint. 
He was sure that competition would deal effectively 
with the prices of resins. 


MR. HARDY: The fibre-based plastics were homo- 
geneous materials, as were metals, and had definite 
strength and stiffness values and if the buckling theory 
applied in one case then it must do so in the other. The 
theory was not based on inter-rivet buckling and the like 
but on more general stability considerations, therefore 
the comparison was on all fours. The results of tests 
done at Filton on structural plastics were not available, 
but work to be undertaken shortly would be published, 
when he had no doubt that the validity of the theory for 
structural plastics would be proved. 

He assured Mr. Hardy that the structures for testing 
in the near future were plenty big enough to go on with; 
while Mr. Hardy was asking for something bigger for 
test and general proving of manufacturing method, it 
Was a matter of common experience that the taking of 


‘too large steps usually resulted in nasty set-backs. 


It was perfectly correct to say that resins were avail- 
able for laminating purposes which kept their entities 
and did not appear to be affected up to a temperature 
of 250°C.; the name of one such resin had unfortunately 
been omitted from the paper, it was Laminac 
PDL.7/669. It was admitted, however, that this 
material was not yet available in bulk supplies. 


Mr. Pollard’s Reply | 


299 


DR. RUSSELL: In spite of the large amount of work 
already undertaken at Filton in this field, it was really, 
so far, only basic exploration, both in design and manu- 
facturing method. The critical time was when reasonably 
large components—within the scope of efficient applica- 
tion—were in process of moulding and subsequent test; 
it was then that they would see what could or could not 
be done. He was referring to the suggestion that it 
might not be possible to work into a plastic structure 
the refinement of detail that could be a part of a metal 
structure. His hope was that even greater refinement 
might be possible. The proof of the pudding lay still 
in the eating and he knew his colleague would be the 
first to acclaim the value of the method on that particu- 
lar score—if it could be demonstrated satisfactorily. 


MR. HOWARD: One could be prudent as well as 
optimistic; because of the evident large theoretical 
advantage one would not abandon magnesium alloys for 
structural uses without good reason, and once the 
difficulties mentioned in the third and fourth paragraphs 
of Section 11 of the paper had been overcome, then that 
would be the time to take up the subject again. Mr. 
Howard had then picked on a subject that might well 
prove to be of tremendous importance in aircraft 
structures—sandwich constructions of metal with these 
strong plastics. He had only touched on the matter in 
six lines near the-end of Section 10 of the paper. The 
subject was under close study but he was not yet in a 
position to advance an opinion on the possibilities; 
stopping off some or all of the metal plates outboard 
towards the wing tip was a natural corrollary to the 
method. He hoped that in many cases the moulded 
inner structure would avoid the necessity for integral 
machining. The philosophy of the subject was being 
studied and before the end of the year he thought that 
experiment also would indicate the feasibility of the 
proposal, together with the scope of its application. 
Plastic structure having metal reinforcement plates had, 
in fact, been tested at Filton—completely satisfactorily 
—but he could say nothing beyond that. The subject of 
metal-asbestos plastic sandwich was not quite the same 
thing, but the results obtained with the simple metal 
reinforcement application well suited his optimism for 
present developments. 


MAJOR TEED: He had asked a lot of questions that 
could not be answered yet. As the title of the paper 
indicated, the subject in the main concerned relatively 
new materials and perhaps he had not made that 
sufficiently clear. Many of the aluminium alloys were 
ancient in comparison and Major Teed would have 
noted that his answer to Dr. Sutton’s question on 
aluminium welded structure was most incomplete, 
simply because anything like comprehensive data did 
not exist on the subject. It was not reasonable, there- 
fore, at this stage in their history to expect complete 
tables of figures on these new materials. When they 
were available he hoped that the values of E would be 
accurate beyond question. 

They were doing spot checks as they went — and 


| | MATERIALS AND CONSTRUCTION METHODS 
| 
vledge 
Was | 
nental | 
fe that | 
age. | 
| 


309 NOL. 37 


were satisfied that asbestos plastic would be satisfactory 
under kinetic heating up to the highest Mach number 
envisaged for present products in development. Simi- 
larly, observations had been made on the material in 
the cold chamber. If Major Teed cared to look through 
copies of Modern Plastics issued over tee past few years 
he would find a number of articles bearing on some of 
the questions he was asking in relation to American 
practice in glass plastic. Those matters bore directly 
on the quality and characteristics of the impregnating 
resins. That he was afraid was the best he could do 
with Major Teed’s concluding direct question, but in due 
course the essential information needed on fatigue. 
permanence of dimension under load, temperature 
sensivity and so forth would become available. 

Major Teed had mentioned the scientific designing 
of aeroplanes. So far as he was aware, all who had 
prime responsibility for the design of aeroplanes were 
not specialist scientists but were rather aircraft engineers 
of wide experience, whose first purpose was to keep their 
feet firmly on the ground and, by applying their experi- 
ence and horsesense, take or reject any advice as they 
saw fit that the scientists offered. They would not, 
therefore, use magnesium zirconium alloys to any 
extent in primary structure, in spite of its high resistance 
to panel buckling, until the present fatigue difficulties 
had been overcome: neither would they call for 
quantities of Titanium until they were assured of the 
supply position at a reasonable cost, and also many 
other things. 

Major Teed said that Table | should not be taken 
too literally but considering the things he had just said 
on serviceability and availability of the materials, he was 
sure it should be so taken. As he had said at the out- 
set, the paper dealt essentially with practicalities, which 
was the sole reason why mica was not even mentioned 
as a possible structural material. 

He entirely agreed on the necessity for good ductility 
and fatigue resistance of all forms and in that connec- 
tion it was as well to bear in mind a phrase he had once 
heard a lecturer use before the Society, which was— 
“ The stronger the material the weaker the part.” The 
subject related to the use of high tensile steel and 
beyond certain limits he considered it very relevant to 
aluminium alloys. 


MR. CLOTWORTHY: The value of Mr. Clotworthy’s 
remarks rested, he thought, in helping both the designer 
and the shops man to keep their feet on the ground. 
However, he rather detected some wish to provide the 
aircraft constructor with material of large size and felt 
that he was leaning towards larger extrusion presses. 
While the provision of such presses would be desirable 
in certain connections he thought that the money and 
effort in the first instance could be applied to better 
purpose. The extruded large sheets and plates with 
integral stringers would need subsequent taper machin- 
ing—the extrusion of such parts to final dimensions he 
imagined was too much to hope for—and the 
machining of the desired integrally stiffened sheet from 
a rectangular sectioned slab was really not such an 
additional imposition. He was sure that progress by 
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easy stages was the thing and progress could be most 
rapidly made by installing round the large hot rollirg 
mills that already existed in the country, the necessary 
ancillary equipment for the production of large 
rectangular slabs; he referred to furnaces, heat-treatment 
plant. handling facilities and so on up to the maximum 
billet size the mills would take. In that way for 
relatively small expenditure—less than a million pounds 
—the Aircraft Industry would be provided with the 
plates it required. If that were got under way, he was 
sure that the machine tool makers would not neglect 
their end of the task, at any rate adequate integral and 
other machining equipment was available from America. 

Mr. Howard had called him an optimist but he was 
not in the slightest degree optimistic about the provision- 
ing of material necessary for challenging the Americans 
in the field of large integrally machined structure. 


MR. KING: It was quite true that Redux was treated 
exactly as riveting, bolting or any other jointing process 
for production. The designer called for what he wanted 
and then turned his attention to the next job. That 
position was only reached through close collaboration 
between the designer and the production men during the 
period of development of any assembly process. 

Mr. King had raised an important matter in relation 
to inspection methods for new processes. 

But the desiderata were simple enough; a joint must 
have enough strength, it must not fret nor creep and so 
on. In the case of a riveted joint, the procedure was 
simple, starting from the basic inspection of the 
materials involved. The glued joint began in the same 
way: thereafterwards it was a matter of a full apprecia- 


tion of the essentials for, say, a good Reduxed assembly.) 


Principal among the factors for control was that the 
materials must be chemically clean, that the 
‘ingredients ” were applied in the correct manner, that 
the correct pressure and temperature were applied. and 
there were several other points to be watched. If all 
these things were properly applied and controlled, then 
—assuming consistency in the liquid and powder—the 
joint must inevitably be perfect. But things could go 
wrong and the only way to ensure the extreme remote- 


check on the processes by means of peel and shear tests. 
particularly the former. A vast number of such tests 
had been made at Filton and confidence had been estab- 
lished from statistics on the inspection method. The 
procedure would be on exactly parallel lines for plastic 
structure produced with cured mouldings and _gluings 
but it was too early to specify the procedure. 

He was glad to learn that Mr. King’s views on 
integral construction ran parallel with his; the §.B.A.C. 
Committee on which they both served could help by 
formulating proposals for constructions which would 
result in the drastic reduction of the numbers of parts 
now necessary for component assembly. 


MR. HOLMES: He was most interested in_ the 
suggestion of combining some of these fibrous materials. 
and felt that when the time was ripe they might thereb) 
be led into new fields offering further advancement if 
aircraft structural efficiency. 
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Air Trafhc Control 


V. A. M. HUNT, B.A., A.F.R.Ae.S. 


(Director, Navigational Services (Control and Navigation) Ministry of Civil Aviation) 


Introduction 


Air Traffic Control is an all-embracing term and on 
occasion there is some doubt about its scope. For the 
present purpose it will be as defined within the inter- 
nationally agreed principles set out in Annex I1 to the 
International Civil Aviation Convention. Here it is set 
out that the Air Traffic Control service is for :— 

(i) Expediting and maintaining an orderly flow of 
air traffic. 

(ii) Preventing collision between aircraft. 

(iii) Providing advice and information useful for the 
sake of efficient conduct of flights. 

(iv) Preventing collision on the manoeuvring area 
between aircraft and obstructions. 

(v) Notifying the appropriate organisations regard- 
ing aircraft in need of search and rescue and to 
assist such organisations as required. 

Here Air Traffic Control is not specifically charged 
with preventing aircraft from hitting the ground. This 
does not mean that the Air Traffic Controller has no 
responsibility on this score; he naturally does all that 
he can to prevent such an occurrence and while, with 
the assistance of radar, he can be specific on some occa- 
sions, on others the only person who can really ensure 
that high ground is avoided is the pilot. A true under- 
standing of this position is most important. 

Another point is that the Air Traffic Control service 
is not responsible for deciding whether an aircraft 
should proceed to its destination, should be diverted, or 
should return to its base, or should even start on its 
flight. This is operational control and is a prerogative 
jealously guarded by most operators and the pilots 
themselves. It may be felt that, with the new weather 
minima regulations now in force, where runway visual 
range is measured by the aerodrome authority, this is no 
longer true but, considering the situation carefully, it is 
still the pilots and the operators who set the weather 
minima. 

Now consider how air traffic control in the United 
Kingdom fits into the international picture. The Inter- 
national Civil Aviation Organisation, with the participa- 
tion of Member States, have held a series of four 
Divisional Meetings on Air Traffic Control at their 
headquarters in Montreal, and some 16 Regional Meet- 
ings in various parts of the world, where local problems 
are discussed in detail, and as a result have issued two 
Annexes which contain a number of Standards and 
Recommended Practices affecting control procedures 


Section Lecture read before the Society on 4th December 1952. 
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and rules of the air. These Annexes are supported by a 

further, more detailed document, known as Procedures 

for Air Navigation Services, Rules of the Air and Air 

Traffic Services. The Lnited Kingdom, in company with 

the other Member States of 1.-C.A.O. which have helped 

to prepare them, has accepted these documents and has 
introduced their intent into her own legislation. This 
legislation includes the Civil Aviation Act, Air Naviga- 
tion Order. General Regulations and Radio Regulations, 
with greater detail for the pilot supplied in the Air Pilot 
and specific instructions issued to Air Traffic Control 
Officers in a series of Air Traffic Control Instructions. 
Apart from a number of specific reservations, mainly 
of a small nature, the system in this country is part of 
the world-wide scheme for control of aircraft. 

Two main themes will be discussed: Air Traffic Con- 
trol Today, showing how the present traffic problems 
are being dealt with, and Air Traffic Control Tomorrow, 
describing some of the problems which it is planned to 
overcome. 


General Pattern 


To meet the objectives described earlier, a systematic 
organisation must be developed to cope with the various 
problems which increase in complexity with the increase 
in intensity of air traffic and the worsening of the 
weather. The system chosen is a broadly geographical 
one (Fig. 1), in which the main control elements are 
automatically brought into operation at any position 
when the weather deteriorates below an agreed arbitrary 
level, generally known as Instrument Flight Rule 
weather conditions (I.F.R.). 


Flight Information Regions 


The largest unit used is the Flight Information 
Region. This region covers the wide open spaces where 
the volume of traffic is low. Within Flight Information 
Regions aircraft have considerable freedom of choice. 
They can, if they wish, keep in continuous touch with 
control units and can receive and ask for information 
concerning weather, availability of aerodromes and so 
on, or they can just call up for a specific piece of infor- 
mation, but they are not given separation from one 
another by Air Traffic Control instructions. Search and 
rescue facilities are at the full disposal of an aircraft in 
distress while flying in a Flight Information Region. 


Airways 
As the traffic increases, and it is frequently found 
that between the main centres of population there is a 
301 
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compromise. Ideally, from the civil point of view, the 
Airway should cater for the lowest safe altitude on any 
route and go up to the limit, but in the United Kingdom, 
because of the large amount of Service flying necessary 
for training R.A.F. and Naval aircraft, limitations have 
had to be accepted. Airways go up to 11,000 ft. above 
sea level at present, while their bottom level is 3,000 ft., 
and even here special arrangements have had to be made 
to permit the Services to have a certain amount of flex- 
ibility between 3,000 ft. and 5,000 ft. 


Terminal Control Areas and Control Zones 


As the network of Airways approaches the main 
terminal aerodromes, intersections take place which may 
be expanded by fillets to cover a little more air space 
within which approach and departure routes to the aero- 
dromes in the vicinity can be defined. These air spaces 
are the Control Areas proper, or what are coming to be 
known as Terminal Control Areas. In certain cases, 
where traffic is very dense, or procedures have to be 
complex, a further step is to create a Control Zone. The 
only difference between a Control Zone and a Control 
Area is that the Zone comes right down to the ground 
whereas the Control Areas’ lower limit is set at a parti- 
cular height to meet local requirements. This enables 
small aircraft to operate freely beneath a Control Area. 
Inside the Control Zone and Control Area it is possible 
to make certain procedures and routes mandatory in 
L.F.R. weather conditions. 


Communication Zone 

For the protection of aircraft approaching busy air- 
ports, there is one more type of air space, the Communi- 
cation Zone. This is a Zone some five miles in 
diameter, centred on the aerodrome, usually only from 
ground level up to some 2,000 ft., into which an aircraft 
is not permitted to enter without having first communi- 
cated with the Aerodrome Control Service. The 
particular purpose of this scheme is to protect aircraft, 
doing instrument approaches under marginal weather 
conditions, from an itinerant aircraft which considers it 
is flying V.F.R. 


Advisory Routes 


A new concept has recently come into being, the 
system of Advisory Routes. It has been found that the 
establishment of an Airway causes a certain amount of 
restriction to other users of the air space and it is there- 
fore most important, before creating one, to consider 
whether an Airway, with all it entails, is really neces- 
sary. If the case for an Airway cannot be substantiated 
the question arises, is there anything else which can or 
should be done to improve the safety of the aircraft 
flying on this route? As the result of much discussion 
on the subject, it has been agreed that an Advisory 
Route scheme should be put into effect. Along an 
Advisory Route “ known ” aircraft, that is aircraft which 
prepare a flight plan and keep in touch with the appro- 
priate Control Centre, will receive flight information 
and separation instructions between them and other 
“known” aircraft. Unknown aircraft can, since the 
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Advisory Route is technically within a Flight Informa- 
tion Region, cross the route without permission, but the 
air route aircraft are protected from them by means of 
the quadrantal height rule. This rule simply specifies 
that aircraft, when flying in bad weather, shall fly at one 
of a specific series of altitudes associated with the quad- 
rant of the compass within which their course lies. For 
example, Course 000° to 089° odd thousand feet; 090° 
to 179° odd thousand plus 500 feet and so on. 

This may seem a very flimsy sort of arrangement but, 
on reflection, it has important direct advantages. It has 
also an indirect advantage, which will become apparent 
later; the Advisory Routes do enable limited radar 
resources to be concentrated. The United Kingdom, 
within radar cover, sets out to give satisfactory protec- 
tion to aircraft along Airways and Advisory Routes, 
while before the Advisory Routes were brought into 
being it was extremely difficult to perform any worth- 
while safety service if it had to be spread throughout the 
large Flight Information Region. 


Application of Controlled Air Spaces 


It seems unnecessarily complex to have five types of 
controlled air space, but Air Traffic Control, to be effi- 
cient, has to tread the narrow path between mandatory 
control and freedom of movement. Unfortunately, the 
application of strict control at present, and probably for 
many years to come, brings with it a requirement for 
the standard separation minima mentioned later and so 
a reduction in movement rate, whereas freedom of 
movement in bad weather reduces safety and, in certain 
circumstances, once again reduces movement rate. 
Careful study of all the different factors has led therefore 
to these grades of restriction, each one only being 
applied where it is essential; either to canalise traffic in 
order to reduce its random nature and protect it from 
other aircraft, or to put a protective cushion round air- 
craft carrying out specific procedures. 

One of the factors which has a most important bear- 
ing on the use of these types of controlled air space is 
that with increasing air speeds the application of control 
by reference to visibility is losing its usefulness. For 
example, two Comets approaching one another at about 
400 knots each, will cover three miles in about twelve 
seconds, yet at five miles they could probably mistake 
each other for a fly on the windscreen! The selection 
of suitable criteria is difficult, but studies continue. In 
the meantime, if in doubt Control is applied. 


Operation of Controlled Air Space 


The weather along the various routes has infinite 
variation and can seldom, if ever, be forecast with 
absolute accuracy, so that at any one time while an air- 
craft is flying, the only person who knows what the 
weather really is like is the pilot. This is true, even close 
to aerodromes, when visibility in the air may differ con- 
siderably from that estimated from the ground. In 
view of this, it is left to the pilot to decide whether the 
weather is worse than the arbitrary conditions that have 
been laid down, which make it mandatory for him to 
follow the control procedures associated with certain 
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types of air space. Basically. he comes under Instrument 
Flight Rules when the weather is such that he cannot 
see more than three miles or keep 500 ft. above or below 
cloud. or 2.000 ft. horizontally, away from cloud. 


Civil/ Military Integration 

The air space over the United Kingdom has to 
accommodate not only civil aircraft but also Service air- 
craft making training flights or operational exercises 
and, in addition, experimental flights sponsored by the 
Ministry of Supply. The requirements of these three are 
frequently strongly divergent. For instance, on the civil 
side certain air space should be reserved for aircraft 
moving with air traffic control clearances and therefore 
working with known separation standards, while Service 
aircraft, particularly those of Fighter Command, need 
a maximum amount of flexibility in order to get realism 
into their operational training. The military/civil rela- 
tionship on A.T.C. matters in the United Kingdom is 
probably more acute than in many other countries, since 
the centres of concentration of both civil commercial fly- 
ing and air defence are in the south-eastern corner of 
what, to aviation, is a very small island. The problems 
posed by this juxta-position of interests have to be 
tackled on a common sense basis and for this purpose 
inter-Departmental Standing Committees at various levels 
have been set up to deal with the problems as they arise. 


I.F.R. Flight Procedures 


Consider an I.F.R. flight which proceeds along an 
airway and then enters a Control Zone. 

In the first instance the pilot files his flight plan. In 
this plan he states the route, height and speed he wants 
to fly, the radio equipment which he carries, the amount 
of fuel on board and his estimated time of departure. 
This plan is then passed to the Air Traffic Control 
centre, where, as seen later, it is processed in such a way 
that when the pilot calls up Aerodrome Control from 
the tarmac and says he is ready to taxi out, he can then 
be given his clearance, which may be something like 
this—* Hallo, Golf, Whiskey Sierra. This is London 
Tower. You are cleared to York by Amber One. pas- 
sing Burnham 2,000, Beacon Hill, 3,000, maintain 6.500 
on Airways, leave Airways at Lichfield. Over.” This 
clearance is repeated back by the pilot. who also ack- 
nowledges the altimeter setting for use at the beginning 
of his flight. 

The purpose of an altimeter setting procedure is to 
ensure that the altimeters of all aircraft in any particu- 
lar area are set to a common datum, so that A.T.C. 
instructions on altitudes to be flown have the same 
meaning. 

Later, the pilot will receive permission for take-off 
and once he is airborne he will sign off his R/T watch 
with the control tower and will be instructed to change 
over to speak direct to the Air Traffic Control Centre. 

While flying on the United Kingdom Airways system, 
it is a rule that all communication shall be by V.H.F. 
radio-telephony. This has been done because direct 
controller-to-pilot communication adds to speed and 
efficiency, especially on short-distance operations. When 
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the pilot has made contact with the Controller at the 
Centre who is responsible for his particular section of 
the Airways, he then proceeds to fly in accordance with 
his flight plan, as modified by instructions received from 
the centre. Once on the Airways he may not alter his 
flight conditions without permission; that is to say, if he 
wishes to climb from one altitude to another or to leave 
the Airway. he must get permission and, further, he 
must, as he passes pre-determined check points, report 
his position to the Air Traffic Control Centre. It is only 
in this way that the Air Traffic Controller at the Centre 
can look after him and ensure that satisfactory separa- 
tion is maintained between him and other aircraft in the 
vicinity. Should the weather improve en route and the 
pilot find himself flying in V.F.R. conditions, he is 
permitted to cancel his Airways flight plan. 

While flying along the Airway the pilot may receive 
special information and in any case he will hear on his 
R/T the broadcast weather reports issued at half-hourly 
intervals. When permission is given to leave the Air- 
way, the pilot must leave it on a course diverging from 
it by at least 45 degrees. until he is clear of the 10 miles 
wide strip and, in addition, if he is still flying I.F.R. 
above 3,000 ft.. he must maintain height in accordance 
with the quadrantal height separation rule. 

Once the aircraft is in the Flight Information Region 
the pilot is on his own and is no longer given any pro- 
tection from other aircraft, but if he gets into difficulties 
he is still able to call up the Air Traffic Control Centre 
on an appropriate frequency and get assistance. 

To return to the Airways aircraft; as it approaches 
its destination and comes close to the boundary of the 
control zone. the pilot, after having spoken to the Centre, 
will ask the Zone Controller for permission to enter. 
This permission is usually given with specific reference 
to some holding point in the zone. If there is likely to 
be delay. the Zone Controller will warn the pilot and 
tell him to hold and will also tell him what his expected 
approach time will be. This enables the pilot to plan in 
such a way that he is ready to leave a specific point in 


the holding pattern at, or near, the expected approach | 


time, so that he can then be brought down to land by 
Approach and Aerodrome Control with the minimum 
possible delay. 

This sounds simple, but the Controller does get faced 
with problems sometimes. One Approach Controller 


was having difficulty with two foreign pilots in bad | 
weather at a busy time, try as he would he never seemed } 


to be able to get their respective aircraft separated in 
order in the stack. It was only after a quarter of an 
hour’s work that he found that both pilots were in the 
same aircraft. using different call signs on the R/T! 


Aerodrome and Approach Control 

The preponderance of Air Traffic Control Officers 
not employed at Air Traffic Control Centres carry out 
their duties in Aerodrome and Approach Control. The 
detail of their functions varies considerably from aero- 
drome to aerodrome. At the small aerodromes, where 
traffic density is not high, it is perfectly feasible for one 
officer to handle messages received by telephone from 
various Centres and to speak direct to aircraft in the air 
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FIGURE 2. 


Combined Aerodrome and Approach Control Room. 


approaching him and also to control surface movements 
on his aerodrome and give departure clearances; but 
as the aerodrome gets bigger, the load becomes too great 
for one man and it is necessary to separate the Aero- 
drome and Approach Control functions. In V.F.R. the 
Aerodrome Controller handles surface movements, take- 
off clearances and aircraft No. 1 to land, while the 
Approach Controller sorts out the traffic farther off and 
deals with clearances with the Air Traffic Control Centres. 
In I.F.R. the division of duties has to be changed, since 
adequate separation has to be maintained between in- 
bound and outbound aircraft, and in these circum- 
stances the Approach Controller is responsible for 
giving take-off clearances and landing instructions and 
is responsible for a landing aircraft until it actually 
leaves the runway in use. 


Combined Approach/ Aerodrome Control 


Much discussion has taken place over the past few 
years as to the best way to plan the layout of Aero- 
drome Control Towers so that the Aerodrome and 
Approach Controllers can work efficiently. Originally, 
in the United Kingdom the two officers were placed in 


_ separate rooms with the Aerodrome Controller on the 
_ top, with the best possible view of the aerodrome, and 


the Approach Controller below, surrounded by his tele- 
phones, message tubes and so on; but recently, with the 
more complete use of V.H.F. R/T, the more stereotyped 
use of Airways and the standardisation of the flight 
progress strip method of handling aircraft movements, 
there has been a move to combine Aerodrome and 
Approach Control Rooms (Fig. 2). This combination 
has led to greater efficiency, the system now being that 
of standardised desks with the Aerodrome Controller and 
his Assistant at one end and the Approach Controller 
and his Assistant at the other. It is thus easy for the 
two officers to maintain liaison between one another 
and, if necessary, to vary the standard arrangements 
between themselves for controlling aircraft. For example, 
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the Approach Controller may be having some difficulty 
with the top two or three aircraft in his approach pattern 
and wish to hand over the bottom two to Aerodrome 
Control. When his team-mate is sitting next door to 
him, this is an easy matter. 

This combined layout also has the advantage that at 
night, at aerodromes where the traffic density falls off 
considerably, it is possible to reduce the staff on duty and 
thus make savings in man power. At the largest aero- 
dromes it facilitates the work of the Watch Supervisor. 


Control Desks 

Very few Control Towers are the same shape and, 
up to a short time ago, every Control desk had the hall- 
mark of individuality and frequently was a monument to 
some wartime enthusiast. For efficiency, it is important 
for the Controller to know exactly where all his equip- 
ment lies. A standardised desk has been developed in 
sectional form which can be built up, unit by unit, from 
the one man desk to the four or five man desk and in each 
unit such things as ten-line keyboards, R/T controls, 
information chart holders, wind indicators, D/F indica- 
tors, are always located in the same position. This stan- 
dardisation, among other things, makes it much easier 
for an officer to move from one aerodrome to another 
and start work almost immediately, without having to 
learn the idiosyncrasies of the desk at which he is about 
to work; although there is still room for improvement. 


The Air Traffic Control Centre 


The Air Traffic Control Centre is responsible for the 
safety of aircraft in the large Flight Information Regions 
and also for certain selected Control Areas or Zones 
within the boundaries of the Flight Information Region. 
It is, in fact, the nerve centre of the whole air traffic 
control system. 

The Air Traffic Control Centre first appeared in the 
United Kingdom during the 1939-45 War. Before that, 
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what co-ordination had been practised between aviation 
centres had been between small area controls located at 
the major aerodromes themselves. Croydon will be well 
remembered by veteran aviators in this respect, particu- 
larly those who use the London-Paris route. 

Since those early days the Air Traffic Control Centre 
has built up into a complex and efficient unit, the hub 
of which is the Operations Room itself. The organisa- 
tion of a contemporary Air Traffic Control Centre is 
now discussed briefly, so that later today’s centre can be 
compared with the probable centre of the future (Fig. 3). 


Operations Room 

Uxbridge, the largest Air Traffic Control Centre in 
the United Kingdom, which is responsible for the S.E. 
and S.W. F.I.Rs., will be used as an example. In the 
Ops Room are a row of double-sided desks known as 
Airways Flight Progress Boards. At these desks sit 
Control Officers who are responsible for maintaining a 
steady flow of traffic over various sections of the Air- 
ways south of Birmingham. On one side are the “A” 
Controllers, who obtain flight plans of all the flights 
along their portion of the Airways and prepare from 
these plans estimates for the time it will take each air- 
craft to traverse the distance between the reporting 
points along the Airways, while on the other are the 
*D” Controllers, who are practising the “live” control 
of aircraft in their sectors. These “ D” Controllers base 
their initial work on the estimates provided by their 
assistants and modify the situation as reports come in 
from the aircraft en route. 

Since it would be quite impracticable for any one 
“A” or “D” Controller to handle all the traffic in 
southern England, the load has been split up into five 
sectors on a geographical and functional basis (Fig. 4). 
Three of these sectors deal with traffic on the Airways 
approaching and leaving the vicinity of London; of the 
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other two, one deals with all traffic leaving the London 
Zone and the other with all aircraft coming into it. 

The “D” Controllers are supplied with R/T facili- 
ties, so that they can speak direct to the aircraft they are 
controlling. In addition, they have a number of tele- 
phone lines (20) so that they can speak quickly and 
directly to controllers in adjoining centres or, where 
necessary, to aerodromes en route. They can also, by 
intercom, speak with other controllers in the Centre, so 
as to hand over their aircraft from one sector to another. 

A considerable amount of collaboration takes place 
between the Controllers at these desks, sometimes by 
intercom, sometimes by walking along behind the man 
next door and speaking to him direct and sometimes by 
marking other controllers’ flight progress slips. This 
collaboration is essential, since it ensures that the overall 
picture in the area is co-ordinated and kept in phase. 
The Airways Controllers also are in close touch with the 
Radar Centre (Fig. 5). 

Aircraft in the Flight Information Regions, while not 
receiving mandatory control instructions from a Centre, 
are entitled to receive Flight Information, and they are 
looked after by a separate Flight Information Controller 
who is supplied with personal pilot/controller R/T. 

Finally, in the Control Room, sitting close to the 
civilian controllers, are a number of Service Officers who 
are responsible for Service movements in the same 
region. Appropriate intercom facilities permit the 
Service Controllers to speak direct with their civilian 
counterparts and liaison personnel are available if any 
particular situation warrants a direct investigation. 


Communications Facilities 

The communications at an Air Traffic Control 
Centre fall broadly into three categories. In the United 
Kingdom, for the first time in the world, an R/T system 


Figure 4. “A” Controllers five 
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has been established whereby an Air Traffic Controller 
cin be in touch, personally, with the pilots of all the 
aircraft within his Flight Information Region and on his 
Airways when the aircraft are more than 1,500 ft. above 
sca level—in certain areas even lower than this. This 
has been made possible by the development of what is 
known as the multi-carrier V.H.F. R/T system. By the 
use of a number of strategically placed forward trans- 
mitter/receiver stations, it is now possible for a con- 
troller at Uxbridge to speak in almost static-free 
conditions direct with an aircraft coming in over the 
Welsh coast in Pembrokeshire, while the man next to 
him is speaking to another aircraft entering the South- 
Eastern F.I.R. from Amsterdam. 

The Air Traffic Controller, during congested times, 
has little time, after looking after the safety of his air- 
craft, to pass messages to operators. Therefore arrange- 
ments have been made for all these R/T channels to be 
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monitored by Communicators, one of whose duties is to 
send by teleprinter to the main aerodromes in the area, 
in this case London and Northolt, all information 
received from aircraft in flight. This information will 
again be redistributed to the operators themselves at the 
airports. This enables the operators to carry out their 
functions of operational control efficiently, without con- 
tinuously having to ask for information as to the where- 
abouts, flight conditions and intentions of their aircraft. 
The Communicators also deal with routine messages 
and weather broadcasts. 

The second type of communication facility at the 
Centre is H.F. W/T. This is, in South East England, a 
decreasing commitment, but it is there to enable aircraft 
unable to communicate by V.H.F. to pass their messages 
to the controllers and also permits communications at 
greater ranges, but even this H.F. W/T. facility is de- 
clining and is likely, eventually, to be replaced by H.F. 
R/T. on the longer routes. 
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A=Airways assistant controller 
D= Airways controller 
R= Radar controller 
O.R.C.=Outbound radar control (cancelled radar) 
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P.P.1=Plan position indicator 
H.R.C.= Height/range console 
M.L.S.= Movement liaison section 

C.R.D/F=Cathode ray D/F 


Block schematic diagram illustrating the functioning of the Airways Control at 


A.T.C.C., Uxbridge, and associated radar at L.A.T.C.R.U., 1952. 
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The third communication facility at the Centre is the 
fixed communications. These are very extensive and 
are used for communication with adjacent centres and 
aerodromes, both at home and on the continent. They 
consist of a number of teleprinter circuits as well as an 
extensive operations telephone network. Without these 
facilities adjacent centres would not be prepared in good 
time to handle aircraft approaching them. 

Without good communications Air Traffic Control 
Centres are powerless. Speed of communication be- 
comes more and more important as speed of air 
transport increases. The criterion for speed in use at 
the present time is “that point-to-point messages should 
not take longer than 20 per cent. of the flight time of the 
aircraft between its airport of departure and destination.” 
In practice this means that messages between London 
and Paris for a Viscount must be got through in about 
12 minutes, while messages between London and Rome 
for a Comet must be got through in about 36 minutes. 


Meteorology 

The Met. Office at a Centre briefs the controllers 
before they go on watch and also provides them regu- 
larly, from information received each half hour, with the 
weather at a number of selected aerodromes. These 
reports, and the altimeter setting data, are broadcast 
twice an hour for general information. On request from 
aircraft, forecasts for areas or places can also be pro- 
vided. Any deterioration of weather, storm warnings, 
icing and so on, are made known to the controllers 
immediately they are received. 


A.LS. 

The Air Information Services Unit at British Air 
Traffic Control Centres is a combined R.A.F. and civil 
unit, and is responsible for having available on request 
from the controllers, information concerning aero- 
dromes, radio facilities, danger areas and so on. Their 
work is not spectacular but they have to be a mine of 
information and are kept very busy. 


Rescue Co-ordination 

The Rescue Co-ordination Centre is not really in the 
Centre at all. In the United Kingdom it is looked after 
entirely by the Air Ministry, but it does complete the 
safety services picture. It is the responsibility of the 
Air Traffic Control Centre to alert the Rescue Co- 
ordination Centre should need arise. 


Radar 

In describing the various sections of the Air Traffic 
Control Centre it has not been indicated so far that 
radar has a part to play. In general, the Air Traffic 
Control Centres today do not incorporate radar, but 
Uxbridge was the world’s first to make use of this 
valuable tool. It is now one of the most important units 
of the Centre, although, for technical reasons, it is sited 
on the perimeter of London Airport. 

Late in 1946 it began to be realised that long-range 
radar might well play an important part in civil air 
traffic control. A radar unit was assembled at London 
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Airport at which experiments were made in various 
techniques. Originally it was hoped to be able to plo: 
the position of various aircraft on a large plotting table 
and thus to sort them out and save them time and look 
after their safety; but it was soon found that, through 
difficulties of identification and the number of aircraft 
in the area at any one time, so much was being missed 
by this scheme that little or no value was being obtained 
from the radar itself. Therefore a scheme was tried of 
employing the radar information direct from the tube. 
In the early days selected aircraft were picked up some 
distance from the coast and brought straight in to 
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to co-operate readily, but at other times they would de- 
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cline our assistance. In one case, an aircraft was on its 
way in from Australia and was approaching the south 
coast, close to Tangmere. There was much training 
activity at the R.A.F. aerodrome at this time and this 
aircraft was offered radar assistance into London. He 
said “ No, thank you,” so the radar controller then said 
“For your information there are eight training aircraft 
between you and Dunsfold.” Strangely enough the next 
communication from the aircraft was “ Could we please 
have direct radar control into London”! 

These early long range radar experiments helped us 
to work out tne system in use today. Primarily, radar 
at an Air Traffic Control Centre is intended to monitor 
traffic on the Airways or Air Routes, to ensure that 
adequate separation is maintained, but it can be used in 
other ways. At London Radar there are sufficient 
cathode ray tubes for each of the Airways Sectors to be 
monitored by a controller on a tube at the Radar 
Station. The Radar Controllers’ R/T. and intercom 
are linked so that everything the “D” Controller says 
on his R/T. is heard by the Radar Controller and 
everything the “ D” Controller says to or receives from 
his “ A” Controller or from other controllers is auto- 
matically heard on the intercom of his Radar opposite 
number. These two officers work as a pair. Normally, 
all clearances are given by the “D” Controller at 
Uxbridge, but should an unexpected aircraft appear on 
the scene, somebody lost or a Service aircraft returning 
from an exercise, and look like getting closer than the 
safety limits laid down, then the Radar Controller steps 
in and gives the appropriate avoiding action. 


Separation Standards and Radar 


A state has already been reached, particularly in the 
London and Manchester areas, under which a combina- 
tion of peak summer traffic and a period of bad weather 
make it impracticable to maintain separation between 
aircraft in accordance with separation standards laid 
down by I.C.A.O., without creating unacceptable delays. 
To overcome this difficulty and to cater for the increased 
traffic expected, it has become essential to introduce 
some means of reducing separation standards without 
impairing safety. 

Separation standards applied today are based largely 
on position reports given by pilots using medium fre- 
quency navigation aids and there is ample evidence to 
show that they are not excessive. Worthwhile reductions 
in separation can only be made either if pilots are given 
the means of self-positioning and forward estimating 
with considerably greater accuracy than today, or if Air 
Traffic Control can work from more reliable data of air- 
craft movements than that provided by the pilots them- 
selves. The ideal is a combination of the two. 

Unfortunately, there seems little hope of any suffi- 
ciently improved navigation system being in general use 
for some time and therefore it is necessary to press on 
with the second course, that is with the provision of 
radar for Air Traffic Control, starting with the most 
congested areas and working outwards as the need arises. 
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To appreciate the help that radar can give in reduc- 
ing separation standards, consider the main non-radar 
standards today (Fig. 6). Times of 5, 10 or 15 minutes 
feature in many of these. For example, when two 
aircraft are flying along an Airway in the same direction 
and at the same altitude, it is necessary, under present 
procedure, for them to be separated by 10 minutes flying 
time and, although this separation can be reduced to 
five minutes within Control Zones, even five minutes 
separation at present flying speeds is a considerable 
number of miles. When the aircraft are under radar 
control, however, it is considered perfectly safe for the 
separation to be reduced from say 15 miles, down to 
five miles. This gives a clear indication of the economic 
use of air space and increased, safe, rate of traffic flow, 
which radar control makes possible, but there is a 
further advantage to be gained. It will be obvious that 
when the Air Traffic Controller has no very precise 
knowledge of the exact whereabouts of the aircraft 
under his control, a generous time allowance has to be 
made when aircraft are flying in opposite directions and 
one or other requires to change its altitude or alterna. 
tively, when aircraft are flying in the same direction but 
one requires to climb or descend through the altitude 
occupied by the other. Again, the five miles separation 
can be applied by the Radar Controller in the form of 
lateral separation, resulting in a general simplification of 
control procedures and an increase in the handling rate. 

The absence of a highly accurate navigation aid i 
the aircraft makes it necessary for some care to be taker 
when using this form of control, since precautions have 
to be taken to ensure that normal procedural separation 
standards can be swiftly restored should there be an) 
failure of the radar equipment. 


Radar in Control Zones 


In a Control Zone radar has to deal with traffic de 
parting from aerodromes in congested areas. It mus 
therefore have adequate cover from the ground to higs 
levels and should incorporate permanent echo suppres 
sion circuits so that the aircraft may be picked up on thé 
display tube as soon as possible after becoming airborni 
and controlled safely up to cruising altitude. The em 
phasis is placed on departing aircraft, since these mus 
all follow initially the same ascent path. With th 
advent of turbine powered aircraft in increasing num 
bers, the requirement to clear departures up to a hig! 
altitude as soon as possible after take-off is one whic! 
must be met. The arrival problem is not quite so acuté 
since random arrivals can be sorted into a suitablq 
spaced sequence by using vertical separation in the coh 
ventional stack, without imposing undue delay on ai 
individual aircraft. 


Radar En Route 

When considering the use of long range radar it mus 
be remembered that “non-radar” separation standard 
must be restored in all cases before aircraft leave rad 
cover or the control of the United Kingdom A.TA 
organisation. Radar cover from London is extended! 
establishing supplementary radar control units (Fig. 
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G C.A. and Rapid Landing System 
The ground controlled approach or G.C.A. radar 

system has been in use now for some time and has 

heloed to reduce the time interval between bad weather 


landings at major airports from about 14 minutes to an 
average of four or five minutes. 


TRAFFIC CONTROL 


This result has been achieved by exploiting the 
ability of the radar operator to use approach paths of 
varying lengths. The system, briefly, is one whereby 
pilots, having arrived at a given point—the holding stack 
position—are then given a specific time to leave the 
stack and are directed by the radar controller along an 
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FiGure 7. Radar Cover for civil aviation. 
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“intermediate approach path” and are positioned by 
him on the extended centre line of the runway in use at 
such a height that they can then complete the final 
approach—by G.C.A. Talkdown, I.L.S.. or other aid— 
without any necessity for flying back along an approach 
beam, making procedure turns and so on.. Variations 
in air speed between different aircraft are also taken care 
of by the system, which aims at providing an orderly 
sequenced flow of traffic at the traffic “ gate” leading to 
the final approach path (Fig. 8). 


London Control Zone 


A somewhat simple arrangement of the London 
Control Zone existed only a few years ago. Four radio 
beacons, Woodley, Luton, Gravesend and Dunsfold. 
were used as entry and exit points for air traffic into and 
out of the aerodromes in the London area, there being 
no Airways or positive en route control outside the 
Control Zone. 

It soon became. inadequate for the traffic situation 
and from it the present Control Zone was developed. 
A study of this diagram (Fig. 8) in conjunction with 
the explanation given of the organisation of the centre. 
helps to show the problem confronting the A.T.C. Con- 
trollers on duty. It is a complex problem and a number 
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of crossings have to be dealt with, either by the caretulf ad. 
selection of altitudes or by appropriate timing. sit! 

It is hard to predict the future, but Fig. 9 shows} tra. 
how things might go with a more precise navigational} py) 
aid in general use, with the removal of Northolt from} on 
the civil picture and the appearance of Gatwick or some} |in 
other southern alternative on the scene. Provision is 
made for a special high level approach pattern to look} wit 


after the increasing proportion of jets. tior 

for) 

North Atlantic ing 
on 


The largest control area, which covers some 800,000) °" 
square miles of the East Atlantic, is the Shanwick Ares) /°!" 
controlled jointly with the Irish Control Service. vad 

In view of the differing conditions obtaining in thig "e! 
area to those met with on normal overland routes, ¢ ! 
special control technique has been developed for look} S@" 
ing after the safety of the ever increasing North Atlant fact 
traffic. In 1950 there were some 14,900 movement) "U! 
which rose to 16,000 movements in 1951 and there werd) *P4 
over 14,000 movements in the first nine months of 1952F USU« 
There were 26 in 1940. thes 

The Atlantic weather is rugged and winds are frey ' 
quently high. Stage distances are long and accurat 
navigation difficult. For proficient operation eve 
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Figure 8. London control area. Routeing from London and Northolt aerodromes. 1953. 
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re‘ulf advantage has to be taken of the local meteorological an attempt is now being made to evolve a method of 

situation and this leads to considerable diversity of ensuring separation between Comets at some 40,000 ft. 
1OWs} tracks, not only between east- and west-bound flights, over Africa. This has its difficulties, since jet aircraft, 
ional} bui also between aircraft going the same way: on any for efficiency, always like to fly at the maximum altitude 
from} one night there may be a mixture of great circle, rhumb obtainable, and do not take kindly to prolonged level 
some} jine, Composite or pressure pattern routes being flown. flight. Another problem with these fast flying aircraft 
On is Control by flight progress boards has been retained is the provision of sufficiently quick communication be- 
look} with a strip for every ten degrees longitude, but in addi- tween terminal aerodromes without either involving 

tion, careful plotting has to be done so that intelligent excessive new expenditure, or removing the central know- 

forward planning can take place with a view to ensur- ledge from the Air Traffic Control Centres themselves. 


ing a satisfactory hand over to the control authorities 
on the other side of the Atlantic. Since this area is 
.) jointly looked after by Prestwick and Shannon, these : 
/ two centres have to keep in close touch to ensure that Work was begun on the jet problem about 2} years 
their Movements are integrated into the common pattern. ago. The most significant features of jet aircraft are speed, 

In view of the navigational difficulties the separation steep climbs and descents to and from cruising altitudes, 
standards used in congested areas cannot apply satis- continuous slow climbs while at altitude and dispropor- 


Jets 


factorily in the Atlantic. In this area 15 minutes or 60 tionately heavy fuel consumption at low altitudes. 
nautical miles is used as a minimum for longitudinal The work was begun with the idea that completely 
separation and 120 miles for lateral separation, with the different procedures would have to be evolved for even 
usual 1,000 ft. for vertical separation; yet even with the first jet. However, it was found that, at least for 
these large separation figures the maximum possible use the early days of the Comets, when jets are few in num- 
is made of V.F.R. climbs. ber, some of the more important procedures could be 
; identical for piston-engined or jet aircraft, with a greatly 
Empire Routes increased simplification and speed of control. The 
In general the same problems apply here but occa- present procedures can best be illustrated by taking the 

sionally new troubles come to the fore. For instance, stages of a flight in succession. 
\ \ / sz 
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FIGURE 9, A possible multi-track control system with London and Gatwick Airports in operation, Westerly take-offs, 
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(a) Taxying and Take-off 

Once its engines have been started a jet needs to be 
able to begin taxying, to keep rolling and to take off with 
the minimum of delay. The pilot therefore clears with 
Air Traffic Control the take-off time well beforehand 
and this time is confirmed about a quarter of an hour 
before the take-off. The engines are started up at the 
latest moment consistent with leaving enough time to 
get to the take-off point. It is important not to stop the 
jet at taxi-way or runway intersections, because high 
power and therefore fuel is required to get the aircraft 
rolling again. Once on the runway the aircraft runs its 
engines up against the brakes before taking off. With 
an average pilot this may take about a minute and. 
allowing for take-off time, it means that the runway is 
occupied for about 14 minutes. This is rather longer 
than with a piston-engined aircraft that has completed 
its run-up and cockpit check before entering the runway. 


(b) Climb to Cruising Altitude 

The important point here is to give the aircraft an 
uninterrupted climb as soon as possible after take-off. 
As this means going through altitudes that may be 
occupied by other aircraft, and at overtaking speeds. the 
prime requirement is for good radar surveillance. If a 
free climb cannot be given, the higher the holding 
altitude the better. 


(c) Cruise 

The problem of separation between aircraft will be- 
come quite serious as civil jets increase in number. With 
cruising speeds of 500 knots the human eye is no 
longer a satisfactory separation safeguard, even in good 
weather. Vertical separation as practised at lower alti- 
tudes is not practicable, since the jet is much more 
restricted in its selection of altitudes because these effect 
its fuel consumption and, indeed. for much of the flight 
it is gradually climbing. 

The first need, therefore, is for a navigational system 
that will enable outgoing and incoming aircraft to follow 
separate tracks. Even so, as the air spaces at high 
altitudes are likely to be used by far more military than 
civil aircraft for some time to come, where traffic is 
likely to be dense, radar surveillance is necessary. 


(d) Descent and Approach 

The descent from cruising altitudes needs to be care- 
fully placed and timed, to avoid reaching a low altitude 
too far from base, or unnecessarily early, and so incur- 
ring an avoidable fuel penalty. By the time aircraft 
accustomed to cruise at 40.000 ft. descend to 20,000 ft.. 
the interior cabin pressure will be the equivalent of sea 
level atmosphere, so from here onwards the jet can make 
full use of air brakes and the very high rates of descent 
possible—2,000 ft./min., or more. This offers a great 
advantage. For example, take the case of an aircraft 
inbound for London from the south. It may be notified 
that it should join the Epsom holding pattern at 8.000 
ft.. but instead of being told to cross the previous re- 
porting point—Sevenoaks—at 8,000 ft., the instruction 
will be “Cross Sevenoaks not below 8,000 ft.” The 
aircraft can keep several thousand feet above this alti- 
tude, with a consequent economy in fuel, until given its 


final clearance into the entrance pattern, which miglit 
by then have been to an altitude of, say, 6,000 ft., 
because of the speed-up in the aircraft landing ahead of 
it. By the use of its air brakes it is then able to reach 
the holding pattern at the required altitude, even if it 
only began this portion of the descent shortly beforehand. 

Within holding patterns it has been found that the 
jet can follow the normal descent and approach pro- 
cedure provided that the landing rate is not less than 
about one every five minutes. If there is to be any 
delay it is essential that Air Traffic Control should warn 
the jet as much beforehand as possible. so that any 
extended holding should take place at higher altitudes. 

These measures may not be adequate for the Comets 
when they come into service in larger numbers, but it 
has been found that the key to this particular part of 
Air Traffic Control—quick take-off and climb away 
clearances and rapid landing rates—lies in the steady 
application and development of radar. 


Helicopters 


There is little to say about helicopters at present but 
a number of flights have been made and more are 
planned to evolve flight patterns and navigational aid 
requirements. The problem is kept under continuous 
review with B.E.A. and no serious difficulty is expected 
when dealing with helicopters (for some years). 


Dual Parallel Runways 


Taking into account an expected I.F.R. landing in- 
terval of three minutes for sustained operation—over 
shorter periods reduced intervals might be achieved— 
forecasts of civil traffic in the London area have shown 
that more runway capacity will be needed within a few 
years if frequent delays and serious fuel penalties are to 
be avoided. Increase in the aerodrome capacity there- 
fore becomes very important. 

Over a period of years much effort has been devoted 
to means of increasing London Airport’s capacity. The 
first stage in this process, now practically complete, has 
been the construction of a parallel runway system. Two 
main E-W. runways have been constructed as far apar 
as the site permitted; their separation is 4.650 ft. from 
centre line to centre line. 

When these plans for dual parallel runways wer 
made it was not established that two such runways coul¢ 
be used simultaneously for landing in I.F.R. and it wa‘ 
expected that the main increase in capacity would have 
come by the use of both runways for V.F.R., with oni 
for landings and one for take-offs in I.F.R. However 
the practicability of simultaneous I.F.R. landing operé 
tions on parallel runways is being energetically re 


examined, taking into account technical advances if 


approach lighting, radar and flight instruments since th 
earlier plans were made. Only the important I.F.R 
directions. 100°M. and 280°M.. are considered here. 

Studies of many approaches made in this countr 
and the United States have shown that with flight 
directing instruments such as the Zero Reader, or wit} 


I.L.S. coupled to the automatic pilot, the maximus 
deviation from the centre line during approach is on! 
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adout 80 ft. and this has taken place well before the 
muddle marker is reached. Such a degree of accuracy 
siould enable runways 4,650 ft. apart to be operated 
independently with ample safety, but such a conclusion 
could not be applied to practical operations without 
further investigation. For one thing, more information 
is needed on the A.T.C. problem of parallel operation. 
Although parallel runways about 500 ft. apart have been 
in use in Chicago for simultaneous V.F.R. landings. 
American estimates of the lateral spacing necessary for 
simultaneous I.F.R. landings have varied between 3,000 
ft. and 17 miles! Also, an operational system should 
not have to rely on all aircraft carrying a flight-directing 
instrument or an I.L.S. coupling to the automatic pilot, 
and the system should not be dependent on all aircraft 
doing exactly what was required without an exterior 
safety check. Before the procedure can become opera- 


tional a system of continuous and independent survey 
of all aircraft will have to be brought into use, by means 
of which deviations can be detected and remedied before 
they develop serious proportions. 
Some of the basic requirements that will have to 
feature in any acceptable system are: — 
(a) A positive radar directing and monitoring service 
should operate at all times. 


Cockpit-presented information should be avail- 
able to pilots to indicate, during the vital 
approach stages, whether they are in a safe 
sector, relative to the other runway. 


(c) Cockpit-presented information for completion of 
final approach under current weather minima 
should be available to pilots well before they 
reach critical height. 


(b) 


°o Internal liaison between airways and radar controllers 
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A=Aijrways assistant controller | 
D=Airways controller | 
R= Radar controller 
O.R.C.=Outbound radar control (cancelled radar) 
P.P.|=Plan position indicator 
H.R.C. = Height/range console 
L.S.=Movement liaison section 


Ficure 10, Schematic diagram showing layout of the proposed combined London airways and radar centre—1953. 


AIR TRAFIC conTROL 
| | 


316 VOL, “57 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY MAY 1953 \ 
(d) The facilities and organisation should be such traffic control has to be evolved. The system must give u 
that failure of either ground radar equipment the pilot, by day and night, a clear, unambiguous indi- 0 
or the I.L.S. should not create a dangerous cation of the route to be followed. It must be suitable is 
situation. for use down to the minimum weather conditions in 
which landings and take-offs will take place at the aero- uu 
New Air Traffic Control Centres drome. It should work basically without R/T. The b 
At present the Air Traffic Control Centre is divorced taxi-way routeing must be flexible. Safeguards must be ) |i 
from its radar by some five miles of telephones (Fig. 5). incorporated to ensure adequate separation and the dis- p: 
The logical step is therefore to marry these two together position of all traffic on the manoeuvring area must be 
in one unit (Fig. 10), to give closer liaison between radar available to the Control at all times and the system must pl 
and procedural units, more effective watch supervision. be as automatic as possible. ' es 
a more effective team and a saving in man power. This A number of systems have been considered, among fal 
combination is not easy to effect, since cathode ray dis- which is centimetric radar. While this system certainly th 
play tubes cannot yet be successfully used in normal could indicate the whereabouts of traffic on the ground, th 
daylight. It was necessary to find a way of providing it does not lend itself to interpretation at a glance or to di 
a sufficiently high ambient light level to meet all require- easy control procedures. Therefore, for large airports | in 
ments of a combined Ops Room, without detracting in this country, a block and light signalling system has im 
from the value of the radar display tube. What prom- been developed which should meet most requirements. wi 
ises to be a satisfactory solution has been found in the For ground traffic control, the taxi-ways and runways [in 
use of fluoride tubes (with amber screens) used in con- have been divided into blocks, each of which consists } of 
junction with soft blue ambient light. of a junction or a straight section between junctions. | be 
Principles similar to the “two stage amber” system At night, or in bad visibility by day, aircraft are led 
of night flying simulation are involved. The net result through the blocks by following a line of green taxi- | sys 
is that background lighting of quite adequate intensity way lights. along the axis of the route. Controllable | Ar 
for all normal purposes can be tolerated without the stop-bars, consisting of a line of red lights at right angles | ent 
clarity of the radar tube being seriously impaired. Pro- to the route, mark the end of the blocks. pos 
cedure controllers can have their desks floodlit from In good visibility by day the route to be followed | jun 
deep shades to cut out eye strain. and its control is obtained from lights placed on num- | oth 
Amone other changes. the inbound “D” Controller's bered boards, thus providing the pilot with a check on | of 
work has been split into two parts and so has the out- his position. . ; ; ; des 
bound “A” Controller's position. Initially the taxi-way lights, with associated traffic F sim 
stop-bars and route indicator boards, will normally be | mo 
controlled by reference to a mimic diagram in the Aero- | pas 
Surface Movement Control drome Control. Later, the selection of routes will be 
At many aerodromes the handling of traffic on the largely automatic and the mimic will be used for moni- fT, 
ground is not difficult. A few marker signs or coloured toring the automatic operation. 
route boards, supplemented if necessary by white lead Block occupancy is indicated from coils let into run- , 
lines and directions given by radio telephone, are all ways and taxi-ways which operate on the mine detector nies 
that are required, but these cannot be used to control principle. When an object approaches one of these coils, _— 
crossing traffic (Fig. 11). When either the volume of the balance of the electrical system associated with it is by 2 
traffic or the layout of the aerodrome precludes such upset and a differential voltage is induced in the circuit. heli 
simple arrangements, a more positive system of ground This relays a signal to the mimic referred to earlier and . 
coul 
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in de 
all a 
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a’ JUNCTION will | 
Ficure 1], Section of London airport showing typical safeguarding route through blocks and section of mimic indicator, 4 
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then switches on or off the traffic stopbars. By fitting 
oscillators to all vehicles, the signal indicating a vehicle 
is made to differ from that of an aircraft. 

The mimic itself is a miniature representation of the 
aerodrome surface, showing the layout of the traffic 
blocks on runways and taxi-tracks. Various coloured 
lights on it refer to taxi lights, stop-bars, block occu- 
pancy by vehicle or aircraft and runway in use. 

When the system is completed it will be possible to 
pre-select any route or a number of separate routes and, 
with the fully automatic system, as an aircraft taxis 
along a route its passage from block to block will cause 
the green lights in the block ahead to go on, provided 
that this block is clear of traffic, and the stop-bar imme- 
diately ahead to go out; the green lights in the block 
immediately behind the aircraft go out and the stop-bar 
immediately behind the aircraft lights up. Thus there 
will always be at least one block behind each aircrafi 
in which the green lights will not be lit. In the event 
of any fault developing in the automatic system it will 
be possible to revert to manual control. 

A number of safeguards will be incorporated in the 
system; for example, the selection of a runway by 
Approach Control will maintain all stop-bars across 
entry points to the runway at red: although it will be 
possible to select a number of routes through a given 
junction, only one route at a time will be lit and all 
other routes will be covered by red stop-bars. In case 
of emergency a switch on the ground movement control 
desk will bring on all traffic bars on the aerodrome 
simultaneously. This system, with rigid control of 
movements on the apron, should ensure the rapid 
passage of traffic between runways and parking bays. 


Traffic Control the Day after Tomorrow 


On the civil side it may be expected that the trend 
towards long and steep climbs and descents and high 
cruising altitudes will continue and may be accompanied 
by a traffic increase at lower level, brought about by 
helicopters. Those concerned with air traffic control 
would like to ask the aircraft designer for at least five 
things. These would be a reduction in the fuel penalties 
brought about by operation at low altitudes, a greater 
flexibility in cruising speeds so that some spacing out of 
aircraft could take place en route, increased manoeuvra- 
bility so that aircraft making instrument approaches 
could be placed on the centre line at distances as low 


_ as one or two miles from the threshold, greater flexibility 


in descent angles, and a standard approach speed which 
all aircraft could maintain to +5 knots. Of all these 
requirements the standardisation of approach speed is 
perhaps the most important. On a final approach of 
six miles in a strong wind, slower types of aircraft in 
use today can take up to 14 minutes longer than faster 
types. A landing interval that has to take account of 
such variations is bound to be longer than desirable. 
The next requirement is for a navigational aid that 
will give the pilot continuous and accurate position 
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indication. Such an aid should incorporate a continu- 
ous ground speed indicator. With this information the 
adherence to flight plan or to en route flight clearance 
should be much more accurate than anything practicable 
today and this in turn could have its effect in producing 
decreased separation minima and more flexible and 
suitable position reporting systems. Even this might 
not make it practicable to institute the system known as 
“ flow control” to its fullest extent. The basis of a flow 
control system is that aircraft do not take off until they 
have been given an approach clearance time at destina- 
tion, the take-off itself being so timed and the en route 
flight being so conducted to arrive at destination exactly 
when planned. The complications of such arrangements 
between the main European aerodromes, each concerned 
with services not to one other aerodrome but to 10 or 
20, would make such a system unworkable, apart from 
difficulties of maintaining E.T.As. to a few seconds. 
The next field is radar, considered here in two appli- 
cations. The first is the straightforward application of 
providing visual information of aircraft positions to the 
Air Traffic Controller on the radar tube. This means 
more and better radar, free of permanent echoes and 
with larger and brighter displays than those in use today. 
The information would be materially improved if air- 
craft carried identification transponders, but this is not 
quite as straightforward as it sometimes appears. Al- 
though the positions of aircraft carrying transponders are 
visible by radar means at much greater distances than 
those without transponders, the radar display must see 
all aircraft, including those not equipped with transpon- 
ders, to provide safe monitoring and separation services. 
The second application of radar is in the field of 
automatics, where the carriage of a transponder in air- 
craft would be essential. The S.C.31 Plan, produced in 
America, was for a completely automatic system in 
which the extraction and display of information was 
done continuously by machines, which also did the cal- 
culations required to feed control instructions in other 
machines that relayed the information back to the air- 
craft. If such a system is required, Europe will have 
to be treated as a unit and the system installed generally: 
it would not work if it could only come into operation 
on the last 50 or 60 miles of routes in the U.K. 
Inevitably, the volume of operations and their 
complexity is such that more than one Controller is con- 
cerned in flight and this means that the same information 
is required to be available to several Controllers if 
proper co-ordination and amplification is practicable. 
At the moment “ eavesdrop” telephone circuits are used 
for keeping Controllers informed of what their col- 
leagues are doing on a flight that is on its way to them, 
but this method is fast becoming inadequate. Perhaps 
the greatest need on the ground side, apart from radar, 
is for the mechanical transmission, checking and display 
of information to more than one Controller at the same 
time, to assist him in the field of greatest importance, 
namely anticipation of the future traffic situation. 
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Research 


on Aerodynamic Noise 


From Jets and Associated Problems 


by 


E. J. RICHARDS, M.A., B.Sc., F.R.Ae.5. 


(Professor of Aeronautical Engineering, University of Southhampton) 


SUMMARY :—After two years research work in the Universities of this country and 
elsewhere, there is need for a comprehensive review of the present position on the 
suppression of aerodynamic noise from jet engines. This report outlines the fundamental 
understanding of the problem that has been achieved, the basic experimental work done, 
and the noise suppression techniques which have been suggested. 

A study is made of measured noise levels on advanced types of engines and an 
analysis is made of reductions required and so far achieved with the proposed noise 


suppression devices. 


While the basic principles underlying noise formation, both in 


subsonic and supersonic jet streams are beginning to be understood, the noise reductions 
so far achieved are still insufficient and warrant an extended programme of research. 
The report includes helicopter noise analyses with pressure and pulse jets, and 
touches on the problem of structural fatigue in the vicinity of a jet stream. 


1. Introduction 

The ever-increasing noise occurring in the proximity 
of aircraft has for some time been exercising the minds 
of the experts, but the introduction of the jet air liner 
has brought this more than ever into focus and active 
research is now being done in many places in the United 
Kingdom on the possibility of noise suppression. While 
the problem is not new and has gradually become more 
and more serious with propeller-driven aeroplanes with 
ever increasing engine powers, most of the country’s 
researches are now concerned with jet noise. Some 
idea of this gradual increase may be obtained from 
Fig. 1°’ which shows the noise levels at points 100 ft. 
ahead of various aeroplanes. The Comet included here 
shows up not unfavourably but this is largely due to the 
different directional spread of noise from a jet, as 
opposed to the piston-engined type of aeroplane. A 
better indication of the Comet noise behaviour is given 
in Figs. 2(a) and 2(b) which show the noise levels *’ as 
the aircraft passes overhead at a height of about 400 ft.. 
the exact altitude being doubtful because of instrument 
errors. It is seen that a loudness level of nearly 120 
phons and an overall sound level of some 110 decibels 
is recorded for some three seconds just after the aircraft 
has passed overhead at take-off. Although the landing 
noise appears less serious, this may well not be so, in 
view of its quite high value and the likelihood of the 
aeroplane being much closer to houses for a much 
longer time during the landing run. 

While the type of level obtained on the Comet is 
probably typical of that which will have to be faced in 
civil aviation for some years, it is well worth emphasis- 
ing the other possible developments which can occur 
in the next few years, partly causing severe problems to 
personnel operating airfields and partly to inhabitants 
residing in the neighbourhood of R.A.F. and other aero- 
dromes. Fig. 3’ shows the variation, for various angles 
around the aircraft and at a distance of 30 ft.. of the 
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overall noise level from a prop-jet with supersonic 
propellers, a pure-jet with after-burner, and a solid fuel 
rocket. The noise levels at 300 ft. may be obtained by 
reducing the decibel level by rather more than 20 deci- 
bels. It will be seen that the pure jet level in the worst 
direction at 300 ft. is of the order of 125 decibels, a very 
high level indeed. The use of after-burning to augment 


thrust on take-off accentuates the problem still further, 


and raises the noise level at 30 ft. to a region where per- 
manent damage to the ear can be expected. Still worse 
is the solid fuel rocket. The supersonic propeller, giving 
the same overall thrust, is of the same order of sound 
intensity as the pure jet, but the maximum lies in a 
different azimuth angle plane. All these figures were 
worked out for an estimated overall thrust of 10,000 Ib., 
a figure which is well within the possibilities for many 
aeroplanes now coming along, both civil and military. 
For example, the Comet thrust at take-off is probably 
higher than this figure, thereby requiring the addition 
of some three decibels to the figures quoted. 


It may well be worth commenting a little further on 
these different types of engines since the noise figures 
present the problem in no uncertain fashion and it is 
worth while considering their implications. The solid 
fuel rocket and pressure jet cause a supersonic jet to 
flow from them and it will be shown later that the noise 
levels arising from such arrangements may increase 
enormously over and above the normal subsonic sound 
rules. However, the work so far done has shown that 
it is in this region that the greatest amount of noise 
suppression can be achieved and it is to be hoped that 
the solid fuel rocket noise level can be reduced to some 
considerable extent. On the other hand it is understood 
that the normal jet engine with after-burner is not par- 
ticularly over-choked at sea level, the after-burning 
essentially raising the temperature, thereby keeping the 
Mach number about the same in spite of the increased 
jet velocity. Methods of noise reduction on this type of 
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installation, therefore, must follow those put forward for 
subsonic jets and here the problem is much more 
cifficult. 

To place the problem in its right perspective again 
ii iS interesting to refer to Fig. 4, obtained from Ref. 4, 
which shows the noise levels at which various physio- 
logical phenomena occur in an average person. In this 
curve it is seen that when a noise level of over 80 deci- 
bels is produced, conversation becomes laboured, that 
at 120 decibels definite discomfort sets in; at 1490 
decibels actual pain is to be observed. and at 160 deci- 
bels mechanical damage to the inner ear is caused with 
permanent damage to the person concerned. The con- 
clusion to be drawn from this figure, and from much 
American data, is that it is inadvisable to allow 
workers to operate for any length of time in a noise level 
above 85 decibels, although higher levels can be toler- 
ated for short periods. However, bearing in mind that 
at a distance of 300 ft. the maximum noise levels of a 
turbo-jet giving 10,000 Ib. thrust is 125 decibels and that 
of a turbo-jet with after-burner can be as high as 140, 
the threshold of pain, it is clear that the problem that 
is beginning to be seen from a civil aircraft point of 
view may develop into a major military problem with 
very wide repercussions. In particular it would seem 
that the use of mechanisms to develop thrust which give 
rise to sound levels of 160 decibels are dangerous and 
that this aspect should be studied before their use in 
service. 

The need for noise suppression devices is clearly of 
vital importance in the next few years, with attenuations 
helow existing and expected figures of as much as 25 
decibels for ground running of normal jet engines, and 
of as much as 15 decibels from aircraft in flight. On 
aircraft using rockets or reheat. far greater attenuations 
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are desirable. Clearly the attenuations can only be 
obtained by a combination of suppression devices and 
initial design. Until recently this need to design for 
quietness had taken little, if any, place in the engine 
designers’ thoughts, an attitude which must be altered 
in the future. 


The foregoing is intended to paint a rather gloomy 
picture of the noise problem as it is to be seen and anti- 
cipated in the next ten years and justifies completely the 
large amount of work, chiefly at universities, that is 
going on now to examine the nature of noise production. 
In addition to this fundamental research, work is also 
proceeding at the Ministry of Civil Aviation, at the 
National Physical Laboratory and in various aircraft 
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firms on the wider aspects of the problem, although it 
is felt that this work is not being given its true priority 
in the light of the probable seriousness of the situation 
which may occur. 


1.1. UNIVERSITY RESEARCHES 

In the United Kingdom research work is being done 
at University of Manchester, University of Southamp- 
ton and the College of Aeronautics, some of it under 
Ministry of Supply contract and all of it with their 
blessing and moral support. All these researches are 
aimed at an understanding of the production of aero- 
dynamic noise from jets, together with the development 
of noise suppression arrangements, chiefly based on the 
findings of the fundamental work. As might be expected, 
however, many fairly well defined fields of interest have 
arisen and side issues have been investigated in many 
directions. While the four main fields of interest may 
be listed below, it is pointed out that the split-up is 
largely put this way to ease the description of the work. 


(a) The development of a fundamental theory to 
inter-relate hydrodynamic and acoustic phenomena in 
and around a jet. This work has covered both subsonic 
and choked conditions of the jet and it is considered that 
considerable advancement, chiefly by Lighthill, has been 
made on this side. 


(b) An experimental investigation on model and 
full-scale jets aimed at examining the actual nature of 
the acoustic field, both near and far away from the jet 
itself. Most useful work on this topic has been done 
at the College of Aeronautics, while American sources 
report considerable activity along this line. The College 
of Aeronautics’ work is aimed essentially at correlating 
the observed acoustic field with Lighthill’s theory and is 
a useful addition to the understanding of the problem. 

(c) Optical investigations aimed at understanding the 
physics of noise formation from a jet and at obtaining a 
correlation between turbulence and noise close to the jet 
boundary. This approach was started at the University 
of Southampton and has allowed the establishment of a 
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most useful theory on the formation of noise from 
choked jets. The new experimental techniques used to 
measure the speed of disturbances moving downstream 


may have considerable implications on other researches 
in the field of turbulence, and shock wave oscillations. 


(d) Ad hoc investigations to examine the noise re- 
ductions to be obtained from modifications to the shape 
of the nozzle. The results of this type of examination 
will be the final indication of the success of the 
researches and already methods of obtaining consider- 
able reductions, chiefly in the choked condition, have 
been obtained. These ad hoc investigations have been 
made at each of the three research set-ups and are des- 
cribed separately in Section 5. It may well be worth- 
while anticipating what is to follow by saying that noise 
reductions of up to 25 decibels have been obtained in 
the choked condition under ideal conditions, but that 
noise reductions of more than five decibels below chok- 
ing have not been obtained with any ad hoc devices 
investigated as yet. It is clear, therefore, that we are 
still far from obtaining a real solution to the problem. 


As might be expected many other investigations have 
developed from this work. For example, both the 
Universities of Southampton and of Manchester have 
put forward new theories for the explanation of the old 
phenomenon of edge tones. Although this is not likely 
to present any direct advances in the main problem, it 
is a natural and worthwhile development since investiga- 
tions of sensitive jets and edge tones, until the present. 
have been two of the very few meeting points of hydro- 
dynamics and acoustics and appear to bear a certain 
relation to choked jet noise. A further understanding of 
this “ old vexed problem ” is therefore an indication that 
a greater understanding of the problem of noise pro- 
duction is being achieved by these researches. 

A further and most serious aspect of the work arises 
from the large thrusts available now in new air liners 
and bombers which may result in fatigue failures when 
the jet passes in close proximity to the structure. In- 
vestigations are now going on at Southampton on this 
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ispect and measurements have been made on an aero- 
olane of the type of pressure fluctuations obtained from 
‘his source. Since we are convinced that this is a real 
case of noise from the jet causing vibration and failure 
of secondary structures in their vicinity, it is most im- 
portant that this work should be pressed on with the 
ereatest priority. 

The interest shown recently in the helicopter as a 
means of transport has also brought to the fore the noise 
problems arising from the use of jets to drive their 
rotors. In Section 6 some of the work being done in this 
country on examinations of noise from helicopters with 
various types of tip rotor is given. Much work is also 
being done in America on this aspect. 


2. Basic Theory 

In the development of any fundamental understand- 
ing of noise phenomena from jets, the need for an 
underlying basic theory is paramount, and there was 
considerable lack of available theory at first in these 
investigations. Indeed. in Lighthill's words, “the 
development of a general procedure for estimating the 
intensity of the sound produced in terms of the details 
of the fluid flow, is one fundamental question, perhaps 
the only one, which escaped the attention of the great 
physicists who in the last century created the science 
of sound.” 

Fortunately Lighthill has put forward a basic theory * 
which helps enormously in the field of subsonic flow 
and has already become a classic of its kind, while more 
recently Powell has put forward ideas on the formation 
of sound in a strongly choked jet °: *’ which again allows 
a better understanding of the problem. It is not pro- 
posed to delve into the mathematics of the theories but 
it is well to outline their physical significances. 

To understand the background of Lighthill’s theory. 
consider first the methods in which sound may be gen- 
erated. In the first and simplest case. there can be a 
simple acoustic source in which the mass in a small 
region is made to fluctuate, for example a sphere whose 
radius varies sinusoidally so that the mass or volume 
within the original boundary fluctuates sinusoidally also. 
This is a particularly efficient sound generator but in 
most instances it does not represent the form of sound 
generation, as there is in these cases no effective creation 
and annihilation of mass. Sometimes, however, there is 
a local reciprocation, such as when the sphere oscillates 
as a solid or when a string moves sinusoidally, the mass 
movement to a great extent flowing from one side to the 
other. In this case the sound can be represented by a 
dipole or by two equal and opposite acoustic sources 
brought infinitely close together. 

In the simple source case, the energy propagated is 
proportional to pck*A* where the equation of motion of 
the source is indicated by 

A r) 
Where A is the strength of the source, associated with 
the velocity amplitude of the pulsating sphere, k is the 
wave number=2z/A where A is the wavelength and c 
is the speed of sound. 
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For the dipole, however, the propagation is propor- 
tional to pck'A*, i.e. it varies with frequency to the 
fourth power, and is much smaller than with the simple 
source. 

Clearly this mechanism would be impossible in a 
free fluid with no solid boundaries and it is the burden 
of Lighthill's hypothesis that the mechanism of aero- 
dynamic noise production from a jet must be similar to 
that from a pair of equal and opposite dipoles brought 
infinitely close together, i.e. by an acoustic quadrupole. 
Here there is no mass fluctuation, nor any fluctuation of 
momentum so that the system requires no external 
forces to energise it. Lighthill shows the feasibility of 
this mathematically and obtains an expression for the 
strength of the quadrupole field as proportional to the 
Stress Tensor p77’, using his notation. The sound field 
therefore will be large when there are large variations in 
7, and 7,, i.e. in regions of high velocity shear and high 
turbulence. 

In this case, the energy carried away is proportional 
to peck" A*, i.e. the mechanism is a still less efficient 
mechanism than the others. Three important conclu- 
sions are to be drawn from Lighthill’s work which have 
been the mainspring of the fundamental experimental 
investigations aimed at verifying the underlying hypo- 
theses. 


(a) The acoustic power transferred is proportional 
to p,V*P/c,° whatever the type of quadrupole, where 

V is the jet velocity 

I is a typical length, such as jet diameter, and 

c, = speed of sound in the air at rest. 


(b) Once the nature of the quadrupole field is estab- 
lished, the radial and peripheral sound spectra may be 
calculated. 


(c) Alternatively, once the quadrupole hypothesis is 
accepted, the experimental field obtained can be ana- 
lysed to examine the region of the jet where the various 
components of the noise may be presumed to originate. 


The real difficulty would appear to be that of obtain- 
ing enough information about the flow field to anticipate 
the sound field, and at present this is the limitation of 
the theory. However, as will be seen later, careful 
analyses of the experimentally obtained noise spectra 
already suggest that the high frequency noise may be 
considered to emanate from a fixed quadrupole field 
near the exit (i.e. physically from the turbulence and 
high shear near the nozzle exit), while the low frequency 
sound field appears to come from moving quadrupoles 
some distance downstream (i.e. physically again from 
the fairly large scale eddies formed by the rolling up of 
the general turbulence and occurring some way down- 
stream of the jet). 

Dealing with the first conclusion about the acoustical 
power output, the form of the expression may well give 
the greatest clue to the eventual suppression of noise. 
It is seen that for a given frequency, the noise goes up 
subsonically as V to the eighth power. Thus the greatest 
single step to reduce noise is to reduce the velocity of 
the jet relative to the air around it. On a fast moving 
aircraft, still more will this rule hold. since a reduction 
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Ficure 5. Change in the directional intensity distribution 

due to a lateral quadrupole as a result of translation at a Mach 

number M in the direction of one of the axes, the directicn ¢ 
being measured from the direction of translation. 


in true jet speed of, say, 100 ft./sec. may give rise to a 
big reduction in the value of the (relative velocity)”. 

Figure 5 shows the directional noise intensity field 
obtained from a lateral quadrupole moving at various 
Mach numbers along the direction of the jet. It will be 
seen that for the stationary quadrupole, originally con- 
sidered, the noise field is at a maximum at 45° to the jet. 
and is equal upstream and downstream. If the quadru- 
pole is made to move, the downstream maximum is 
gradually reduced to 30° or even less, while the ratios 
of the upstream to downstream maximum is gradually 
reduced. 

When the speed is still further increased and the 
speed at the nozzle becomes supersonic, it has been 
found experimentally that the noise may actually in- 
crease more as (relative velocity)'* than as the eighth 
power indicated by the Lighthill theory, and in certain 
instances *) actually increases in a power as high as 29 
for some types of nozzle. This indicates that the pro- 
duction of thrust by increasing the jet pressure ratio to 
give a choked stream may be extremely extravagant in 
noise production and suggests that a further mechanism 
of noise production must be looked for over and above 
the quadrupole field, which no doubt is still present but 
may no longer predominate. 

At Southampton, following the schlieren photo- 
graphing and examination of choked jets, both circular 
and two-dimensional, a theory has been put forward by 
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Powell’ in which the sound is explained to be formed 
by the interference of eddies moving downstream with 
the standing shock waves in the supersonic stream. This 
elementary theory is based on the hypothesis that the 
acoustic energy originates essentially from the inter- 
action of the stream disturbances and the shockwave 
and that in the special case of the two dimensional jet of 
Ref. 9 these related sound waves in turn react on the 
stream in the vicinity of the nozzle, thereby forming a 
periodic system of a clearly defined frequency. In this 
latter paper, the directional sound field assuming that 
the bulk of the sound is radiated from three shock waves 
is calculated and shown to be consistent with the facts 
as recorded photographically. Extending the two 
dimensional case to that of the circular jet"’, there is 
evidence to show that the mechanism of sound produc- 
tion in the choked case, apart from the ever present 
quadrupole field, is due to the general interaction of 
eddies or large scale turbulence with the shock waves, 
in the same general manner, the sound being amplified 
by back-reactions of a type similar to those more clearly 
established in the two dimensional case. This is referred 
to further in Section 4. 

More recently, and quite independently, Lighthill 
has put the general case of the noise formed by the inter- 
action of turbulence with shock waves on a firm mathe- 
matical footing, establishing formulae for the energy 
scattered when a sound wave passes through turbulent 
fluid flow, or when a unit of turbulence passes a shock 
wave. 

To conclude, it cannot be pretended that the theoret- 
ical side has reached a satisfactory stage, although, 
bearing in mind the newness of the science, considerable 
progress has been achieved. Sufficient progress has been 
made, however, to indicate the basic mechanisms of 
sound production and to suggest the correct approaches 
for empirical methods of suppression. These will be 
discussed in detail in Section 5 but it is impossible to 
place enough emphasis on the following fundamental 
conclusions to be drawn from the theoretical work. 

(a) Subsonically noise increases as V* and super- 
sonically as V'' or higher power up to 29 in one case. 
Very little information is available to show how the 
noise increases with mass flow, but there can be no 
doubt that for a given total thrust, a very great reduction 
can be obtained by reducing the jet velocity, even by a 
small amount. 

(b) Subsonically, if the Lighthill theory and its in- 
terpretation is correct, noise can be reduced by the 
reduction of turbulence and velocity shear and methods 
of doing this should be examined. 

(c) Supersonically, much at least, of the noise arises 
from interaction of the turbulence and eddy motion with 
the standing shock waves and from their amplification 
due to back-reaction. Any mechanism by which either 
the turbulence or the shock waves are reduced or sep- 
arated should result in noise reduction. 


10) 


3. Experimental Investigations of the Nature 
of the Acoustic Field around a Jet 

Many investigations have been made of the noise 

field around both jet aircraft, and model jet streams, the 
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rst tending to be of an empirical nature, the latter 
aimed at comparison with Lighthill’s quadrupole 
theories both for intensity and directionality. 


AMERICAN WORK 

Dealing first with American work, Von Gierke ''’ 
has plotted the sound field around a typical jet aircraft 
engine on the ground at a distance of SU ft. Fig. 6 gives 
a replot of these measurements for the highest engine 
r.p.m. considered and for various frequency bands from 
tne lowest (37:5 to 75 c.p.s.) to the highest (6.400 to 
12,800 c.p.s.} given in this paper. While care must be 
taken to distinguish this from more popular plots of 
constant decibel contours, nevertheless the figures are 
most instructive in that they show that there is to be no 
clearly defined type of distribution which does not vary 
with frequency. In Fig. 6, for example, it is seen that 
the maximum sound at a distance of 50 ft. moves around 
from a point very near the jet at the lowest frequency to 
a point almost at right angles to the jet for high fre- 
quencies. It also demonstrates the difficulty of orienta- 
ting the aircraft during test runs to minimise noise in 
any given direction other than straight ahead. The 
figure also demonstrates that a simple lateral quadru- 
pole field cannot explain the noise field, since here a 
fall to zero would be needed at the 90° direction, and 
that perhaps a more complicated quadrupole field must 
be taken, as put forward by Lilley '*’. It should be 
pointed out that this is perfectly in keeping with Light- 
hills theory since in Ref. 5 he attaches no special 
importance to the lateral quadrupoles as such. The 
sound field for an F.84 aeroplane *’ and on an F.89'") 
are also available but other than demonstrating the same 
general characteristics, do not advance knowledge. 

Experimental studies ''’ of jet noise have been made 
at N.A.C.A. with a series of subsonic jets ranging from 
3 inch to 12 inches in diameter and have been compared 
with that from a turbo-jet engine. The noise produced 
was highly directional and was a function of the jet size, 
velocity, density, and turbulence level. 

This work on scale effect is of vital interest to the 
United Kingdom since there is little or no work being 
done to establish the laws of scaling. It was found that 
ata given azimuth angle, the significant parameter was 
the non-dimensional ratio, distance from jet orifice 
divided by jet diameter. At equal values of this ratio, 
approximately equal overall) sound pressures” were 
measured for the different sizes of jet. At any given 
point, there were, however, variations due to density, 
velocity, Mach number and turbulence. A comparison 
of the directional overall sound field of models and full 
scale jets is of interest and is shown in Fig. 7, for a con- 
stant exit Mach number. For convenience the sound 
pressures in the direction of maximum radiation have 
been corrected to the same values. The most interesting 
point, particularly in its impact with Lighthill’s theory 
(sec Fig. 5) is the variation of the downstream maximum 
by changing the model jet gas from air to helium. The 
report claims that as the full scale polar diagram falls in 
between the two model extremes, and as the correspond- 
ing value of velocity and sound speed are intermediate 
between those of the two model jets, the general 
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agreement between model and full scale is acceptable. 
The wide variation in total noise diagrams, however, 
suggests the possibility of a relative change of high and 
low frequency noise with density of the stream, a factor 
which must be allowed for in the model tests done in 
this country. The need for more research on density 
and temperature effects must be stressed at this stage. 
The variation of noise with turbulence has also been 
studied in this work, the considerable increase which 
occurs on increasing turbulence being shown in Fig 8, 
again taken from Ref. 14. The increased turbulence was 
introduced by passage of the air through two 90° pipe 
bends. No record of the actual turbulence is given, nor 
any measure of the velocity profile at exit. The results 
cannot be correlated therefore with the suggestion that 
the noise intensity varies with the turbulence and shear 
since the shear may have altered radically between the 
various sets of tests, but the large effect of turbulence is 
demonstrated and suggests that the turbulence in the full 
scale jet is a vital factor in assessing its noise level. 
From a large number of tests, the data obtained with 
the model tests indicate slopes of the curves of Fig. 8 
varying from 2-1 to 3-7. The corresponding full scale 
slope is 3-0, but is higher at the highest jet velocities 
where it is thought that the discrete engine frequencies 
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Figure 7. Comparison of over-all sound pressure radiation 
patterns for turbo-jet exhaust and model jets (P=pressure 
ratio). 


are over-ridden by the jet noise itself. Thus the agree- 
ment with Lighthill's theoretical value of 4:0 is reason- 
able on the actual jet engine, but the variation on the 
model experiments suggests a further parameter which is 
influencing the noise-velocity law. Without knowing 
more of the details of the experiments, it is difficult to 
assess the work further. 

Another aspect of the work done at Langley Field is 
of particular interest to the work at Southampton. From 
hot wire measurements of turbulence in the middle of the 
stream, close correlation is shown between the turbu- 
lence and noise with increasing axial velocity, while the 
frequencies of the maximum turbulence and maximum 
noise close to the jet are shown to be closely correlated. 
Further reference to this is made in Sections 4 and 6.2. 

Another American research team'”’’ has made 
similar analyses on a smaller scale and up to sonic con- 
ditions. The results on jets from } to 14 inches in 
diameter indicated that the total radiated acoustic power 
(P) agreed with Lighthill's (velocity)’ formula and sug- 
gested that the power coefficient K in the formula 
P—KpD°V*c~* (with the usual notation) was influenced 
only slightly by the Reynolds and Mach numbers of the 
flow and was of the order of 10-'. The directional 
spectra of the noise are also presented. 


3.2. BRITISH WORK 

In this country, the College of Aeronautics have 
made a thorough analysis of the directional character- 
istics of the noise from a circular jet of one inch 
diameter and this was reported to the International 
Congress of Applied Physics at Istanbul '*’. A typical 
series of contours for the distant field are shown in Figs. 
9a) and 9(b) for the two frequency bands 800 to 1,600 
c.p.s. and 6.400 to 12,800 c.p.s. respectively for the pres- 
sure ratio* P of 0°5, i.e. at a jet Mach number well 
below unity. Unfortunately lower frequencies than these 
have not been published, as leakage through the filters 
from the higher frequencies is suspected to invalidate 
the results at lower frequencies. Rather similar contours 
for the distant field have been obtained by Gerrard at 
p= Total pressure in jet--atmospheric pressure 

atmospheric pressure 
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Manchester but at both places investigations very clos: 
to the jet (near field) have been rendered suspect by 
difficulties in technique with the existing microphones. 
It is understood that both at Cranfield and at Man- 
chester further examinations of the near and distant 
fields are to be made with the aid of suitable smail 
crystal or condenser type microphones, when available. 

Returning to the contours plotted at Cranfield, it will 
be seen that at the higher frequencies (Fig. 9(b)), the 
contours in the distant field indicate that the maximum 
intensity is at an angle of about 45° to the line of the 
jet, that the apparent source of sound is near to the jet 
orifice, and that a minimum drag occurs at some angle 
near 90°, but that it isa shallow minimum. This gives 
good agreement with the stationary lateral quadrupole 
theory, with the source close to the jet, except for the 
noise at 90° which would not have been expected from 
this simple conception. Lilley '*’ has suggested that the 
inflow velocity at right angles to the jet is appreciable 
and that quadrupoles corresponding not only to the 
tensor uz must be allowed for, but also those longi- 
tudinal ones corresponding to the terms, «? and 7? which 
will give maxima at 0° and 90° to the jet respectively. 
This. or some such explanation (such as the diffraction 
of the noise moving into the jet), is necessary to explain 
this 90° noise level, and further experiment is needed. 


Looking now (Fig. 9(a)) at the lowest frequency 
range examined at Cranfield, a noticeably different con- 
tour pattern is obtained, the downstream maximum 
being at 30° to the jet instead of 45°. Furthermore, the 
indications are that the maximum source of noise occurs 
at a point many diameters downstream of the jet. This 
point has been observed by many observers and is re- 
ported in Refs. 16, 17 and by Gerrard at Manchester. 
It may be taken therefore as well established, even 
though difficulties of technique have made the really 
low frequency ranges difficult in some experiments. The 
size of the upstream maximum, the existence of which 
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has always been subject to argument, is clearly smaller 
in this frequency range and as Lilley explains, the 
pattern conforms to the distribution of noise from a 
quadrupole field moving at the speed of the stream and 
located many diameters downstream. As will be shown 
in Section 4 on optical studies, this conclusion bears 
well with the conclusions obtained in the optical experi- 
ments. In particular Powell at Southampton has 
measured’ the velocities of the large eddies which 
form as a result of the breakdown of the upstream flow 
and has shown that these eddies are travelling at an 
appreciable Mach number. From these measurements 
and similar measurements at Manchester and America, 
therefore, the well substantiated conclusion may be 
drawn that while the high frequency noise emanates 
from a region fairly close to the exit of the jet, and 
results from the aerodynamic noise, set up from the 
turbulence and large velocity gradients near the jet 
orifice, the low frequency noise is generated in some 
region downstream where the small scale turbulence has 
wrapped up into large eddies of lower frequencies 
travelling substantially with the speed of the jet. This 
conclusion was foreseen from the early optical work and 
to some extent followed from it. Its implications are 
immense and for this reason it is most important that it 
be further established by detailed sound examination in 
the close field and by optical examinations of the type 
now going on at Southampton, of the flow patterns and 
the subsequent noise field. The implications may be 
listed as: — 

(a) Since the high frequency noise arises from the 
quadrupole field near the jet, and is associated with the 
high shear and turbulence at the edge of the jet, noise 
suppression arrangements should be possible to decrease 
the shear and reduce the noise substantially. As ex- 
plained in Section 5.2.1 this appears to be the mechanism 
for the reduction obtained with the actual teeth tested 
at Cranfield. No doubt, this is an over-simplification 
since the process of reducing shear invariably involves 
added turbulence which is shown in Ref. 14 to increase 
noise considerably. The process of reduction of shear, 
if it causes large turbulence, may therefore increase the 
resultant noise (e.g. as with the Southampton notches at 
subsonic speeds (Section 5.2.3)). 


(b) The chance of reducing the low frequency noise 
substantially is less promising, since there is less likeli- 
hood of being able to break it up by solid insertion; also 
any modifications to the jet exit are less likely to have a 
noticeable effect on the wrapping up of large eddies 
many diameters downstream. The only clear way to 
obtain an effect at such a distance is by the interference 
of two jets or by the drastic reshaping of the jets to 
modify the wrapping up process. 


(c) Since the low frequency sound emanates from a 
region so far downstream, some new thought must be 
given to the spacing of jet streams from such surfaces as 
aircraft tailplanes, fins and rear fuselages where the 
clearance has been determined only by the actual jet 
pattern and not the sound field emanating from it. 


j Work is proceeding on this aspect of the problem at 


Southampton and is referred to in Section 6.2. 
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Bearing in mind the generally good qualitative agree- 
ment with the type of directional noise spectrum with 
the Lighthill theory in its wider sense, it is reasonable to 
expect that the (velocity)* power for the intensity will 
also be obeyed. In general this is so, although it is well 
to point out the many deviations as they may give a clue 
to the formation of the source pattern. Reference has 
already been made to the N.A.C.A. work on this aspect. 


Figure 10 shows a graph of the type of power index 
against frequency obtained by Gerrard at Manchester. 
It will be noted that the index falls from rather higher 
than eight to a low value of 6-5 and then rises with in- 
creasing frequency. It is practically impossible to say 
what this means since it can be accounted for by changes 
of flow with increasing speed, changes of Reynolds 
number, and changes of acoustic source distribution 
along the jet with velocity. In the derivation of the 
(velocity)* law, Lighthill also has to take the frequency 
as proportional to velocity divided by a typical length, 
say the pipe diameter, an assumption which certainly 
needs further verification since it implies independence 
of initial condition and Mach number. Other experi- 
menters obtain good agreement with the eighth power, 
for example, at Southampton’ a variation has been 
obtained of total noise between 7-5 and 8-5 subsonically 
for exit Mach numbers between 0-15 and 1-0, while at 
Cranfield’*’ the index increases with frequency, as 
shown in Fig. 11, but varies with the angle from the jet. 
This latter feature is in itself interesting and suggests a 
power law varying with direction in accordance with the 
distribution of the acoustic source field. 


FIGURE 9(a). Cranfield subsonic noise spectrum. Frequency 
band 800-1,600 c.p.s. 
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FiGurE 9(). Cranfield subsonic noise spectrum. Frequency 
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FIGURE 10. Manchester measurements of noise law index-type 
of variation with frequency. 


At Rolls-Royce, detailed studies of the noise from a 
small one quarter inch jet have been made, but with 
varying temperatures. The indices obtained are shown 
in Fig. 12. It is seen again that the noise index (curve 1) 
falls off for points close to the jet boundaries but that 
elsewhere the eighth power law holds extremely well for 
the frequency shown. 

Bearing in mind the difficulties of measurement and 
interpretation, it is to be inferred from all this data that 
the total noise intensity varies to the power of between 
8-5 and 7-0 and that this is sufficient evidence to show 
that the Lighthill quadrupole theory is basically the 
mechanism for noise production at subsonic speeds. 
There is still a great need for further investigation how- 
ever, particularly into the question of the relationships 
between velocity and frequency which Lighthill uses. 
and its implications. The variation of noise intensity 
with diameter which can be implied from this type of 
relationship has not been investigated seriously by any- 
one in this country, and the information available from 
America"*’ does not help greatly in this respect. 

A further variable which has not been mentioned is 
that of temperature. This has two or more effects; first, 
it is not by any means proven that the rate of jet mixing 
is the same for a hot jet surrounded by cold air as it is 
for a cold jet. Secondly, when the main stream Mach 
number is near unity at a high temperature in the jet 
stream, the Mach number variation in the region of 
mixing may well be different in the two cases. Needless 
to say, on choked jets where the noise emanates chiefly 
from shock wave interaction with turbulence, an appre- 
ciable difference would be expected with the change in 
shock wave pattern near the fringes of the jet in the two 
cases respectively. 

It is therefore satisfying to hear from America 
that agreement between model jets and the actual 
engines is acceptable, even though the agreement shown 
in this paper is really only qualitative. It does emphasise 
the need for more work to be done on a hot jet, particu- 
larly in the over-choked case. In the subsonic range, 
Rolls-Royce have recently made tests on jets of } inch 
diameter in which the temperature varied between 0° 
and 250°C. As shown in Fig. 12 it is seen that, other 
than a general increase of about 10 decibels, resulting 
from the higher jet velocity at the same Mach number, 
the noise variation around the jet, at a radial distance of 
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FiGuURE 11. Variation of the index 6b with 6° where 
POW = 108. (Where /,, is noise intensity, is nozzle 


pressure ratio, w is distance from jet exit, and d is jet diameter.) 


50 diameters, is not altered appreciably with tempera- 
ture for a given Mach number in the stream. Some 
further light is shed by curves (Fig. 12) produced from 
these tests of the index of the variation of noise with 
absolute temperature at a constant velocity (1,100 
ft./sec.). It is seen that other than in the direct vicinity 
of the jet, the temperature correction to the (velocity) 
formula is not appreciable, provided that the jet itself 
is not choked. These results should be treated with 
reserve since the order of temperature variation in these 
experiments is different from that occurring in practice. 


3.3. OVER-CHOKED JETS 


The foregoing remarks have applied chiefly to sub- 
sonic jets. Since there is no quantitative theory for the 
noise from over-choked air streams, it is proposed to 
deal with the experiments in this field in the next section 
on optical and noise suppression techniques. 


4. Optical Studies 


The greatest limitations with the theoretical methods 
put forward so far arises from a lack of quantitative, or 
even qualitative, knowledge of the aerodynamics of jets 
irrespective of the noise they produce. Since it is felt 
at Southampton that a real understanding of the noise 
problem must inevitably require a far greater under- | 
standing of the detailed nature of the flow in a jet than 
was then available, an extensive programme was initia- 
ted to analyse by the schlieren technique the flow behav- 
iour from various types of jets and nozzle designs. This 
work, although begun on a small scale, using one 
quarter inch and three-eighth inch diameter jets, quickly 
gave results which encouraged further investigations 
into the observed phenomena. As seen in Fig. | of Ref. 
16, for example, the possible existence of torroidal (or 
ring) vortices became known, while in the over-choked | 
(supersonic) case, sound waves were photographed": *’ 
and correlated with a measurement of noise and with 
the existence of the shock pattern. Since the purpose 
of the investigation was largely to obtain a correlation 
between the sound and its source, attention from then 
on in these experiments was focused on the over-choked } 
jet case, although at that time it did not appear to have 
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tle practical importance that it now has, since it was 
nt then realised that a normal jet engine is choked to 
sme extent under all cruising and take-off conditions 
(x e Fig. 23). Furthermore, in order to accentuate the 
cc relation of the sound and its source, a two-dimen- 
si nal jet was examined and some most instructive 
shock, vortex and emanating sound patterns obtained. 

At first it was thought that the sound emanated from 
the vortex street formed immediately aft of the last 
stunding shock wave, but further evidence gave rise to 
the theory that the sound emanated from the interaction 
of turbulence or eddies passing through these shock 
waves. In the particular two-dimensional case under 
investigation, where the sound waves stand out as being 
of definite frequency, Powell’ has enlarged on this 
busic concept (put forward by Lighthill also and 
developed by him mathematically'’’), and has accounted 
for the discrete frequency in this instance by a reaction 
mechanism similar to that obtaining with edge-tones, in 
which the total resultant emitted sound wave (one from 
each standing shock) reacts on the excess pressure of ihe 
fluid at the exit to the nozzle thereby altering the exit 
angle of the jet boundary, so setting up an intermittent 
flow mechanism, with a discrete and calculable fre- 
quency. The noise field to be expected from the inter- 
action obtained in this way with the eddies (or regions 
of equal vorticity) and the multi-shock pattern has been 
calculated“) and bears a distinct resemblance to the 
sound patterns photographed. 

Taking this two-dimensional case as an “embryo” 
phenomenon which occurs in a less distant way in the 
three-dimensional jet, it can now be said with some con- 
fidence that at supersonic jet speeds, much of the noise 
is produced by the interaction of turbulence with shock 
waves. In addition to the experiments described, some 
excellent photographs were taken at Cranfield at high 
pressure ratios with the N.P.L. high speed cinemato- 
graph and show sound waves emanating from the region 
of small oblique shock waves at the edge of the jet. 

What is not clear is the extent to which the noise 
is amplified by the mechanism noted in the two- 


dimensional jet. This question presented itself at South- 


ampton when it was noticed some time ago, during 
experiments on circular supersonic jet streams, that with 
increasing pressure ratios the noise did not increase 
uniformly but rather more as a series of levels or notes 
of suddenly changing frequency, interspersed with harsh 


} noises. In turn the noise level recorded showed total 


increases of the type shown in Fig. 13 and consisting of 
a series of poorly defined steps. 

With a view to obtaining a more quantitative know- 
ledge of the fluctuations in the field of flow, a new tech- 
nique has been developed") at Southampton which, in 


» quite « short time, has already provided good dividends 
choked | 


in knowledge of the speed and frequency of the eddy 
formation, both on two-dimensional and three-dimen- 
sional jet streams. This technique consists of projecting 
on to a plate immediately in front of a photomultiplier 
unit (the circuit of the system is shown in Fig. 14) the 
fluctuating schlieren picture, and allowing through (by 


mined point in the picture. By recording the resulting 
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Ficure 12. Rolls-Royce noise tests on 4} in. jet. 


signal from the photomultiplier on to an oscilloscope, 
the frequency of eddying motion (or rather, the mean 
across the jet) was obtained. In addition to this, by 
allowing in the light at two points immediately down- 
stream of each other, the frequency change from the 
single light case allowed the calculation of the velocities 
of any discrete eddies as they moved downstream. 
Clearly the system is a two-dimensional one, but the 
results obtained at the edge of the circular jet where the 
depth penetrated in comparison with the eddy size is 
not large are very illuminating. In fact a simultaneous 
display on the oscilloscope of the eddy frequency from 
the photomultiplier and the sound pattern from a micro- 
phone showed a precise relationship, the two frequencies 
being identical in the pressure ratio regions which gave 
discrete notes. When no note existed, the two records 
showed no consistency in themselves or with each other. 
In Fig. 15(a) the frequency of the stream disturbance, 
in the two-dimensional case as obtained by the foregoing 
technique is plotted against jet pressure, while in Fig. 
15(b) the relation between the fundamental radiated 
wavelength and shock pattern cell length is plotted 
against /(R—R.), the square root of the excess pres- 
sure ratio above that for choking. It is seen that there 
is a clearly defined relationship between the wavelength 
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Ficure 13. Total noise level of two-inch diameter jet 
exhausting to atmosphere. 


of the sound and the cell length. independent of the 
excess pressure ratio in this two-dimensional case. 
Referring now to similar measurements made at the 
edge of the circular jet. Figs. 16(a) and 16(b) show 
similar relationships, except that now the constancy or 
regularity of the graphs takes the form of steps which 
can be related quite reasonably with the type of steps 
in the noise increases as indicated in Fig. 13. No 
definite correlation can be expected since the two sets 
of tests refer to different nozzle sizes. Where no clear 
relationship was obtainable from the new Southampton 
technique, no clearly defined note was to be heard. 
According to this information, therefore, it is claimed 
that even on circular jets, excessive noise increases with 
pressure ratio increases can occur by a type of resonance 
in which the sound waves emitted by discrete disturb- 
ances interfering with shock waves themselves cause new 
discrete disturbances to form at the jet orifice. Thus by 
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Ficure 15()). Relation between fundamental radiated 
wavelength and cell length. Two-dimensional case. 


increasing the turbulence at the exit to the nozzle, by 
weakening the shocks or by preventing the transmission 
of sound to the orifice, it should be possible to prevent 
these resonating regions to be built up and so reduce the 
noise levels. This may well be the mechanism for noise 
suppression at supersonic jet speeds obtained with the 
devices to be discussed in the next section, the net re- 
duction depending on the difference between resonance 
effects and the effects of the turbulence introduced. 

While the investigations have been confined to over- 
choked jets for convenience, there is no doubt that there 
is a close relationship between the frequencies of maxi- 
mum turbulence and maximum sound, even at subsonic 
speeds. This is shown in Fig. 17 taken from Ref. 14 
which shows most effectively the relationship between 
the predominating frequency of the turbulence in the 
stream and that of the noise just outside the jet. The 
need for further turbulence analyses, either by hot wire 
or optical techniques, must be emphasised, both at sub- 
sonic and supersonic jet speeds. 

It must be pointed out that the foregoing measure- 
ments were made with a one inch diameter jet stream. 
Some Reynolds number and other effects are therefore 
to be expected. The Reynolds number in the cases 
analysed were about 0:75 x 10° at choking, compared 
with 3-0 10° on an actual 20 inch diameter jet, the 
relatively small increase arising largely from the change 
of temperature. However. the initial turbulence. swirl 
and so on is likely to make some difference to individual 
cases which can only be examined at full scale. Cran- 
field’s measurements”) of the directional field of a 
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choked jet (Fig. 18) bear some considerable resemblance 
i) the calculated first harmonic field’ using the above 
iechanism (Fig. 18) so that it looks a very promising 
upproach to the supersonic noise field. Unfortunately 
fom this point of view the College of Aeronautics con- 
centrated chiefly on the then more important subsonic 
cuse, but the curves of noise level against pressure ratio 
obtained in the choked case can be drawn to indicate 
similar kinks to those obtained in Southampton. 

The limitation imposed on the new technique by its 
two-dimensional nature is not considered to be serious 
ii) the investigation under review. By the use of a cylin- 
drical lens system, a focusing schlieren-photomultiplier 
arrangement is being examined at Southampton '*’ 
which should have considerably wider applications to 
the measurement of shock wave oscillations and turbu- 
lence in a high speed wind tunnel. 

The N.P.L. high speed cinécamera used at Cranfield 
for the optical work gives 24 photographs at a rate of 
2.000 frames per second with an exposure per frame of 
the order of one microsecond. These photographs of 
very high quality are referred to in the next section on 
suppression arrangements. The rate of 2,000 frames per 
second is not really sufficient. however, to allow an 
analysis of the changing pattern to be made inside the 
jet. since the main stream traverses at choking a dis- 
tance of some six inches between successive frames. 
However, the speed of the slower regions at the edge of 
the jet is such that a pattern is obtainable, observers 
there having noticed a gentle billowing of the stream 
even with the naked eve. Consequently, this technique 
may well give promising results. Manchester are also 
proposing to make optical investigations in the near 
future and it may well be that this is the only way to 
obtain enough information on the nature of the jet flow 
to allow a complete quantitative theory to be built up. 


5. Noise Suppression Experiments 
5.1. UNDERLYING PRINCIPLES 


Since the purpose of all this noise research is to 
establish the fundamental principles by which noise is 
generated in a jet, so as to invent design rules and 
mechanical devices to reduce it. the first step, before dis- 
cussing the suppression schemes put forward by each 
of the researching bodies, is to outline these findings. 
They are: — 

(() The noise from a subsonic jet depends on its 
mean velocity to a high power near the eighth and can 
be reduced most effectively by reduction of this velocity. 
even when the mass flow is increased to keep the overall 
thrust a constant. 


(ii) Supersonically some noise arises in the same way 
as in (i) but in addition, and predominantly, the noise 
arises from the interference of eddies and turbulence 
with the standing shock waves in the supersonic stream 
und is probably magnified by the back reaction of the 
sound waves causing a periodicity at the edge of the jet. 
thereby setting up resonant frequencies. At supersonic 
jet speeds, this noise varies with a fantastically high 
power (near 26 in some cases) of the velocity. Noise in 
this region can definitely be reduced by the provision of 
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Ficure 18(a). Cranfield noise spectrum (over-choked P=2:0). 
Frequency band 800-1,600 c.p.s. (P is pressure ratio). 


much small scale turbulence near the lip of the jet, 
thereby damping any tendency to resonance, by reduc- 
ing the strength of the standing shock waves particularly 
at the edge of the stream, and by reducing the scale of 
the turbulence which does meet the shock waves. 


(iii) Subsonically, at least, the high frequency noise 
comes from near the lip of the jet and behaves closely 
like Lighthill’s static quadrupole field. Thus high vel- 
ocity of shear and high turbulence combine to raise the 
noise. Schemes arranged at reducing either or both of 
these factors should reduce noise. 


(iv) Subsonically again, it is thought that the large 
turbulent eddying motion many diameters downstream 
can be blamed for the bulk of the low frequency noise, 
since the field can be well correlated with a quadrupole 
field in this region whose velocity is related to the 
velocity of the stream. It is not known yet whether 
modification close to the jet can modify appreciably the 
noise emanating from this region where the vorticity has 
wrapped up into a field of large eddies. 


(v) Whistles and discrete notes arise subsonically 
from a resonance mechanism, usually associated with 
the establishment of discrete, torroidal (ring) vortices of 
some power emanating from the smooth flow (laminar) 
immediately aft of the jet. These may not occur in full 
scale because of the initial turbulence in the jet and the 
enhanced Reynolds number from those of the model 
experiments. 


5.2. SUPPRESSION DEVICES 


With this background in mind, the large number of 
ad hoc noise suppression experiments made are now dis- 
cussed. Since some overlap in effort has of necessity 
occurred it is convenient to take the experiments from 
each research school separately. 


5.2.1. Cranfield 


The work done by Lilley and others at Cranfield, 
particularly the invention of the “fingers” or “teeth” 
in the jet, is now probably well known and is well re- 
ported in Ref. 17. Three arrangements were reported, 
namely, the finger-like projections (teeth) into the 
stream, the use of a gauze as the final portion of the jet, 
and a sheath arrangement which sucked in air at its 
front end (Fig. 20) thus acting as a mass flow augmenter. 


He 


Figure 18(b). Noise spectrum (overchoked P=2:0). 
Frequency band 6,.400-12,800 c.p.s. (P is pressure ratio). 


Dealing first with the protruding finger scheme which 
probably is the most practicable and most promising 
device yet put forward, at least in the subsonic region, 
Fig. 20 shows the total noise variation with nozzle pres- 
sure ratio for various arrangements of teeth at an angle 
of 30° to the jet and at a distance of 108 diameters from 
the orifice. It is seen that, compared with the noise of 
the normal jet, a reduction of some 5 to 6 decibels is 
obtained subsonically and over 14 decibels at a pressure 
ratio of 1:8 (i.e. when the jet is well and truly choked). 
It is interesting to note that all the arrangements alter 
the noise law so that far from the noise increasing at a 
much higher power supersonically, the index is in fact 
reduced to one comparable with that given by the quad- 
rupole field. Thus the damping caused by all these 
arrangements must be great enough to eliminate the 
mechanism by which the large noise is produced. This 
lends strength to Powell’s arguments since it would have 
been expected that if the noise is produced purely by 
interaction of turbulence with shock waves with no 
resonance, a far greater variation in slopes would in fact 
have occurred. 

The mechanism by which the noise is reduced sub- 
sonically is not obvious in terms of the principles out- 
lined earlier in this section. Clearly the fingers break up 
any tendency for ring vortices to form so that some of 
the noise reduction occurs as a result of this. In addi- 
tion the velocity gradient (shear) at the edge of the jet is 
reduced, thus reducing the strength of the quadrupole 
field provided that the increased turbulence does not off- 
set this reduction in shear. As may be seen in Fig. 22. 
a photograph taken at Cranfield of the jet with fingers 
inserted, the jet spreads very much more rapidly, thus 
giving rise to a reduced shear. Photographs taken at 
Southampton of notched jet pipes giving no decrease 
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subsonically show the same basic mechanism of spread 
and reduced shear, but give rise to no subsonic noise 
reduction (even though supersonically they are as 
effective as the Cranfield teeth). Jt would appear, 
therefore, that some measure of balance must be created 
between the reduction in shear and the increase in tur- 
bulence in order to achieve an overall noise reduction. 

This method of noise suppression will raise a number 
of doubts in the mind of the designer who is looking for 
a practical solution to his problem. They are: — 

(a) In view of the precarious balance between turbu- 
lence and shear needed to obtain an actual noise 
reduction on a jet engine, how much of the noise reduc- 
tion is already accounted for on an actual jet in which 
the gas flow is far more turbulent and inclined to swirl, 
than in the model tests under ideal conditions. 

(b) The teeth protruding into the jet must at first 
sight give rise to drag which will reduce the efficiency 
of the engine. 

(c) The mechanism of spreading the jet may not be 
serious on installations such as that of the Meteor and 
Canberra, but on aircraft in which the engines are 
tucked neatly into the wing root, such as the Comet, the 
heating and vibration problems set up by the decreased 
clearance of the jet with the fuselage or tailplane, may 
he of equal or greater seriousness than the noise menace 
itself (see Section 6.2). 
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(d) The noise reductions noted are those of total 
noise. What happens if only the high frequencies are 
reduced, the lower ones remaining the same?. Thus 
the annoyance value of the noise may remain the same 
in spite of the reduction of the total noise value. 

(e) Will the teeth not become burnt very quickly, 
thereby increasing maintenance difficulties? 

The answer to (a) and (b) can only be provided by a 
full scale rig in which not only the noise but the thrust 
of the jet is measured. Such a rig is in fact running at 
Rolls-Royce and experiments have already started. In 
these experiments it is proposed to measure the thrust 
with all the promising noise suppression schemes fitted, 
while also making a thorough analysis of the noise field. 
Unfortunately, it will be impossible to try out the rig 
under choked conditions such as can happen high up or 
at high speed (Fig. 23) but nevertheless the rig should be 
invaluable. At present, tests on a helicopter rig have 
indicated a four decibel or more reduction at pressure 
ratios of about 3 (i.e. in conditions where a reduction of 
some 12 decibels would be expected). From this it 
appears that the initial conditions in the jet are of 
primary importance on choked jets, and very probably 
on subsonic jets also. 

On (b) also, measurements of the loss of total head 
arising from the teeth have been made both at Cranfield 
and at Manchester which indicate no appreciable 
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reduction in thrust. Hopes are therefore high that the 
Rolls-Royce rig will confirm these findings, but it is 
difficult to see how the thrust can remain exactly the 
same with a mechanism inserted which builds up turbu- 
lence and spreads the jet, and it is well to await the 
full scale tests before final conclusions are reached. 

The spread of the jet, mentioned under item (c) is a 
real limitation which should most definitely be checked 
in the Rolls-Royce test rig. There are many indications 
that the noise field, especially the low frequency end, 
arising from disturbances some distance downstream, is 
giving rise to difficult vibrations at the rear of wing root- 
engined aircraft or to tailplanes themselves, and even 
the slightest extra spreading of the jet at some distance 
downstream may preclude the fitment of any noise sup- 
pression arrangement. Clearly further experiments 
under full scale conditions are needed soon to satisfy 
this point. It may be that some noise reduction is 
obtained at the expense of spreading the jet close to the 
nozzle without serious spreading farther downstream. 
Photographs taken at Southampton indicate this 
possibility. 

In view of the arguments of Section 3, that the low 
frequency noise tends to come from a region well away 
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from the jet exit, and may not be affected by modifica- 
tions to the nozzle, it is well to consider the doubt 
mentioned in (d). In particular some measurements 
made at Southampton''’’ in which the velocity profile 
was varied and the overall noise measured indicated no 
reduction for a constant mass flow, a conclusion that 
conflicts with Lighthill's theory and can only be ex- 
plained by the predominance of low frequency noise 
which did not change with reduction of shear. On the 
other hand, the measurements at Cranfield''”’ (in which 
the reduction in noise level is plotted against frequency) 
indicate clearly that for some types of teeth the reduction 
is practically constant with frequency at least down to 
200 cycles per second. There is no reason to doubt 
these later measurements and it is hoped that experience 
will show that the sound field downstream is appreciably 
affected by modifications close to the jet. Here again. 
it appears that scale, turbulence, and swirl may affect 
the issue seriously, so that the immediate need for many 
full scale tests is once again emphasised. 

In addition to the teeth, Cranfield and later South- 
ampton have examined the effect of a gauze outlet; be- 
low choking it presents no noise reduction, but above 
choking velocities it succeeds in reducing or eliminating 
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the excess pressure and presents a supersonic stream free 
o! shock waves and with a noise reduction of up to 5 
decibels. The expansion through the gauze is well 
illustrated in Fig. 24 taken with the National Physical 
Laboratory high-speed camera at Cranfield'*. It is 
difficult to assess how practicable this device is and how 
much thrust is lost from it. Clearly the length of gauze 
will increase with increase in pressure ratio; it is to be 
recommended that practical tests be made on a helicop- 
ter pressure test rig to examine its noise reducing and 
thrust qualities. 

The third device tested at Cranfield is the ducted 
system shown in Fig. 20. No satisfactory reductions 
have been obtained except in the extreme condition 
where the jet became a simple divergent channel. It is 
felt that further work should be done on this ides. 


§.2.2.. Manchester 

Work on actual noise suppression has taken a 
smaller part in the programme at the Fluid Motion 
Laboratory than at Cranfield or Southampton, although 
they have examined on a one inch jet the effect of an 
arrangement which can best be described as halfway 
between a gauze and protuding teeth. In its initial con- 
dition, the arrangement consisted of 59 needles continu- 
ing longitudinally from the edge of the jet orifice for a 
length of about one inch, and having about an equal 
area of open to shut section. As a development, various 
numbers of needles were bent inwards into the jet, at 
various angles. It is reported that no noise reduction 
was obtained subsonically with the needles straight, a 
conclusion in keeping with that obtained elsewhere 
with the gauze; as the needles are bent inwards, how- 
ever, noise reductions of an amount shown in Fig. 33 
were obtained. It will be seen that some 3 or 4 decibels 
is the maximum to be obtained at the conditions near 
M~ |-0 obtained on a standard’ jet engine at sea level. 


5.2.3. Southampton 

The ad hoc suppression work has been done on a 
two inch nozzle installation, although the related photo- 
graphic work has been done with a one inch set up. No 


_ great amount of work has been done on the Cranfield 
| teeth arrangement but an extensive analysis of some 


other systems has been made. They include: — 

(a) the effect of edging the nozzle (e.g. contracting 
edge, expanding, rough and so on) 

(b) the use of a notched jet pipe to suppress noise 
above choking, 

(c) the use of vanes placed radially near the edge of 
the jet and at various positions and incidences 
relative to the outlet, 


(/} the use of a gauze (as at Cranfield) to eliminate 
Super-pressure and shock wave effects. 


(ec) the use of swirl vanes well inside the nozzle to 
give a swirl to the issuing air, 
(/! the variation of velocity profile at the exit. 
(¢) the interference of two jets in close proximity. 
_ There is no need to discuss all these in detail, par- 
ticularly as they are being reported elsewhere in detail. 
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FiGure 22. Turbulence spread on jet with Cranfield * teeth.” 
Subsonic conditions. 


In general the results have been disappointing at sub- 
sonic jet speeds, the maximum reduction being about 2 
decibels. Under item (a) it was found *) that modifying 
the shape of the last one-tenth diameter of the jet pipe, 
by bringing it outward through an angle of about 30°, 
produced a considerable increase in the noise character- 
istics, presumably due to the breakaway of flow in the 
nozzle. This suggests that reduction of shear by 
thickening the boundary layer in this way is not accept- 
able, presumably because of the greatly increased 
periodic turbulence which more than outweighs the 
decrease in shear due to the spreading of the jet. Inclin- 
ing the exit edge inwards resulted in a small decrease 
in noise level, mainly due to the reduction in mass flow 
for a given pressure ratio. 
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FiGure 24. 


Flow of air from gauze nozzle at supersonic exit 
speed. 


One of the interesting points that came out of this 
work was the considerable noise difference obtained 
with a nozzle which, owing to a fault in the material, had 
an imperfect edge (slightly chipped) at one point in its 
periphery. This led to a systematic examination of a 
“V” notched jet pipe of the type shown in Fig. 25. 
This arrangement has the advantage over the Cranfield 
teeth in that it can be brought about by a fairly simple 
modification of the exit nozzle and does not give rise to 
burning nor possibly to thrust loss, this latter point 
clearly being subject to full scale check on the Rolls- 
Royce or the Fairey test rigs. 


The noise reductions obtained are shown in Fig. 26 
for arrangements with four and sixteen notches. Below 
choking, i.e. below jet pressures p; of 13-2 lb./in.*, it 
will be noted that the noise is appreciably increased 
from that of the standard nozzle. This is thought to 
be due to the increased turbulence in the area of the 
notches, in a similar way to that of the divergent nozzle 
mentioned earlier. Above choking however, a definite 
suppression occurs which amounts to over 15 decibels 
at the type of pressure ratio used by helicopter pressure 
jets. This system is indeed particularly suitable for 
pressure jets of this type and is to be tried out as soon 
as possible. Here again the general swirl and residual 
turbulence in the actual unit may influence profoundly 
the noise reduction possible. as this turbulence may 
already have caused an appreciable suppression from 
the “ideal nozzle” conditions obtained in all the model 
work being done. 


The mechanism of sound suppression claimed at 
Southampton is that of the damping of the back reaction 
which causes the amplification of the disturbances, as 
mentioned in Section 3. The residual noise arises from 
the quadrupole field due to turbulent mixing and also 
that which will be produced by the turbulence-shockwave 
interaction, the latter having been greatly reduced. 
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Visual representation of the field (Fig. 27(a) and Fig. 
27(b)) with and without the notches respectively are 
interesting in that they suggest that the turbulent spread 
of the jet may be less than with the teeth. Further 
optical examinations of a single notch and its influence 
on the back reaction are referred to in Ref. 7. 

Since the subsonic noise increase was thought to be 
due to the increased turbulent fluctuations across the 
shear layer, it was felt that steady vorticity could be 
added near the boundary equally well by vanes deflected 
at slight angles. It is difficult to know without a fuil 
scale test the drag penalty from such a scheme since, 
effectively profile drag in the stream is being replaced by 
some slight amount of induced drag. As indicated in 
Fig. 28. however, the use of deflecting vanes causes an 
appreciable noise reduction, associated essentially with 
the lift of the vanes and dependent on the penetration 
of the vanes into the jet stream up to an optimum depth 
of half the orifice radius, the noise reduction then being 
up to 20 decibels. No great difference was found in 
noise reduction when the camber of the vanes were 
alternated around the jet. thereby indicating that the 
mechanism is not one of general swirl but rather that of 
general turbulence and reduction of shear. Photographs 
given in Ref. 7 indicate the mechanism in some detail. 


V-notched nozzle. 


FIGuRE 25. 


The Cranfield and Manchester work on slotted and 
porous nozzles has already been described. The use 
of a gauze at Southampton was aimed chiefly at elim- 
inating the super-pressure to reduce the interference 
between eddies and the shock waves, and the noise 
reductions obtained are all indicative that this is the 
major source of sound at super-critical jet velocities. 
It was soon found at Southampton that the use of a 
gauze introduced a further noise source, that of the air 
issuing from the gauze itself, and experiments with this 
air ducted away showed a total noise reduction of 15 to 
20 decibels above choking. 

Other sound reduction methods have been, or are 
being, tried at Southampton; a pre-swirl arrangement in 
the contraction which gave swirl angles of 5 to 10° at the 
edge of the jet had no appreciable effect below choking. 
and caused an increase above choking, while experiments 
on the variation of velocity profile across the jet have 
given interesting results’®. In these latter experiments 4 
subsonic noise reduction of between 2} and 44 decibels 
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FIGURE 26. Influence of notching jet orifice. 


was found on a pipe in which the flow emerged 
with a fully turbulent “ pipe flow” velocity profile for 
the same maximum exit velocity of the jet, but at the 
expense of a loss of thrust of one quarter. If the jet 
pipe diameter were to be increased so that the same 
thrust were obtainable at the same maximum exit Mach 
number, it has been estimated that there would be a 
total noise reduction in the high frequency region 
arising from the reduced shear near the orifice. Un- 
fortunately these tests were made measuring the overall 
noise levels only, but it is hoped to measure noise 
spectra later on to establish whether or not this latter 
supposition is true. In general these experiments do not 
encourage the suggestion that variation of velocity 
profile should pay a dividend in noise suppression. 
Further experiments planned at Southampton include 
those using two jets placed in such a way as to interfere 
with each other at various positions downstream. It is 
felt that. since the low frequency noise may emanate 
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from the jet many diameters downstream, the inter- 
ference effect between two jet streams may well be the 
only way to provide an adequate change of turbulence 
and eddying motion in this region. .In addition, the fan 
effect of two jets interacting increases the peripheral 
length of the jets above that of two circles and conse- 
quently may cause a noise reduction in a similar 
manner to that obtained by the devices causing an 
increased rate of spread. The soundness of this supposi- 
tion remains to be seen, however, since other new 
factors may also be introduced. 


5.3. THE USE OF WATER INJECTION TO REDUCE NOISE 


One further method of noise reduction which has 
been shown to have beneficial effects is that of injecting 
water into the jet immediately after the exit. Experi- 
ments using this technique are reported from the 
National Physical Laboratory *"’. In these experiments, 
a bifuel rocket was tested at Westcott with water injected 
from a peripheral ring mounted one inch downstream 
of the 44 inch diameter exit nozzle, and from a second 
ring 6 inches farther downstream. With a water in- 
jection rate of 12 lb./sec. the overall reduction in noise 
level was 8 decibels, the reduction being greater at the 
high and low frequency ranges and least in the band 
from 600 to 2,400 cycles. The N.P.L. report goes on to 
say that subjectively. this reduction corresponded to 
that which is normally assessed as halving the loudness. 
The reduction is therefore most definitely appreciable 
and is worth further study, even though, with the 
amount of water used, its value as a practical aircraft 
flight device is doubtful. 

As far as the author is aware, the exact mechanism 
of the noise reduction has not been studied, although it 
is thought to result from the temperature change in turn- 
ing the water into steam. The noise reductions, how- 
ever, are of the same magnitude as those obtained from 
fingers or notches on a supersonic jet and the mechanism 
may well be the same one of breaking up, by projection 
into the stream, of the discrete eddy pattern to reduce its 
noise production either by interference with the standing. 
shocks or from their own unsteady motion. It would be 
worthwhile to see whether noise reduction is obtainable 


Fic URE 27(a). Jet flow at supersonic speed with plain nozzle. 


FiGurE 27(h). Jet flow at supersonic speed with notched nozzle. 
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by water injection on a jet already fitted with the notches 
or fingers. The use of small air jets to deform the 
boundary of the jet may equally be promising and can 
be made a practical proposition. 


5.4. SUMMARY OF POSITION 


To summarise the position of the ad hoc suppression 
work done, it can be said that devices are available 
which will reduce the noise levels on model jets by about 
4 decibels at sub-critical speeds, and by as much as 15 
or 20 decibels at super-critical speeds. \t is thought 
that these rely on the decrease of shear and the preven- 
tion of back reaction and shock elimination for their 
effects, so that in practical cases where considerable 
turbulence or swirl already occurs the noise reduction 
may be less. It should also be borne in mind that, to- 
gether with the measured noise decreases, there may be 
increases outside the instrument range, and these might 
become audible on a full scale jet. However, the 
schemes are well worth trying, particularly on rockets 
and helicopter pressure jets. 


On normal jet aircraft, the relatively modest reduc- 
tions coupled with the apparent increase in spread of 
the jet. may make the devices less attractive in general. 
and practically impossible on aircraft installations in 
which the jet is placed close to the side of the fuselage. 
In addition (although there is some evidence to the 
contrary), there may be a loss of thrust, and until the 
full scale rig tests are done at Rolls-Royce, this doubt 
must remain. The use of water injection into the jet 
itself has some possibilities, but is expensive and can 
only be used as a ground rig. Some work needs to be 
done to see to what extent the noise is reduced this way 
on a jet already fitted with teeth or notches. 

Basically the greatest bonus must of necessity come 
from a reduction in the main jet velocity, and engines 
arranged to use a greater mass of air at a lower efflux 
velocity (e.g. the ducted fan engine) should be en- 
couraged. Since these give a lower specific fuel 
consumption, but in general are heavier than the pure 
jet. there will in any case be a move, which should be 
accelerated, in this direction on civil air liners. /f 
cannot be over-emphasised that the reduction of engine 
and jet noise is primarily, and indeed almost solely, in 
the hands of engine designers themselves and that no 
vast reductions in noise levels can be expected without 
their co-operation, at least at subsonic efflux speeds. 


6. Associated Researches 


6.1. HELICOPTER JET NOISE 


All helicopter firms in the United Kingdom, as well 
as in France and the U.S.A., are much impressed with 
the concept of tip jets attached to the outboard ends of 
their rotor blades to supply the motive power to rotate 
the rotor. Various types of jets have been suggested 
and their relative performance merits put forward in 
various papers. Nevertheless, it is clear that for some 
time to come their merits and demerits will be debated 
warmly and it may well be that the final assessment will 
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FiGure 28. Variation of noise level at 90° with vane depth. 
depend primarily on their noisiness. The four types 

are: 
(i) The Pulse jet 

(ii) The Ram jet 

(iii) Pressure jet (high pressure) and 

(iv) Exhaust jet (low pressure). 

All of these, to varying degrees, are noise producers 
and it is this aspect which is causing the greatest doubts 
in designers’ minds about their suitability for operation 
in built up areas. Bearing in mind the objections already 
raised by the London County Council to the noise 
caused by helicopters operating on the South Bank site, 
it is important that a true assessment of probable noise 
levels of the various types be put forward quickly. 

Before discussing the work that is now being done to 
measure noise levels of the various types, it is well to 
look first at the noise level requirements put forward 
by the operating comparies, British European Airways 
in particular. Their requirements are not completed and 
with advantage may be extended to define a frequency 
spectrum. At the moment, however, an overall noise 
level of 90 decibels is not to be exceeded at a distance 
of 200 ft., and with enough power being used to hover 
at maximum weight. /f a flat spectrum is obtained, this 
means that at no point must the level exceed 81 decibels, 
a difficult matter when producing the power necessary 
to hover. 


6.1.1. Pulse jets 

Measurements have been made by the University of 
Southampton on a pulse jet developed by Saunders-Roe 
Ltd., and the results are reported in Ref. 21. The con- 
clusions obtained may be summarised as : — 

(a) For a single static pulse jet, the noise field is 
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FiGuRE 29. Theoretical reductions in radiated energy of the 
fundamental of the noise of two pulse jet units by mutual 
interference. Units are spaced n wavelengths apart. 


accompanied by lower intensity noise which is probably 
the normal aerodynamic noise from the jet. 

(b) The pulse noise approximates to that of a pure 
acoustic source, and as such is a much greater noise 
generator than the normal jet in which noise is created 
as from a quadrupole distribution. 

(c) For an 18 lb. pulse jet, the total noise intensity 
level is as high as 115 decibels along the jet, at a distance 
of 50 ft. from the exit. Bearing in mind the need for 
greater thrust and a number of units, this is bordering 
on the discomfort threshold and cannot be tolerated. 

(d) In view of the almost sinusoidal wave pattern of 
the sound, there is some possibility of noise reduction 
by the use of two co-axial pulse jets out of phase or dis- 
placed by a wavelength. Even with the most optimistic 
hopes achieved, however, the noise level at SO ft. radius 
in this case is unlikely to fall below 105 decibels. 

(ec) Experiments should be made to examine the 
practical possibility of pulse jets working in proximity. 
Fig. 29 demonstrates the type of noise reduction obtain- 
able on a simple source theory by suitable spacing. 

Similar measurements have been made in the U.S.A. 
on two sizes of pulse jets **’. A further analysis will be 
made when the complete paper has been obtained, but 
it is unlikely that conclusions differing vastly from the 
foregoing will be obtained. 


6.1.2. Ram jets 


So far as is known, no measurements of noise levels 
have been made on a ram jet; its efficiency is such that 
it need not be considered as a likely application in civil 
helicopter practice, except possibly as an emergency 
device to aid autorotation. In this event, excessive noise 
can presumably be tolerated. 


6.1.3. 
In the true pressure jet, air compressed by an axial 
compressor to a pressure ratio of 3 or 4 is passed along 


the blade into a combustion chamber at the tip of each 
blade. The product of combustion is then emitted at a 


Pressure jets 


supersonic speed, thereby obtaining a high thrust. With 
exhaust jets on the other hand, the whole product of 
combustion of a normal jet engine passes along the 
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blades and is emitted subsonically at the wing tip. 
Bearing in mind the increase in noise level when the jet 
becomes overchoked, the pressure jet is expected to be 
much noisier than the exhaust jet. 

The N.P.L. have recently made measurements of the 
noise levels of a single pressure jet**’, both statically 
and in a rotating condition at the Fairey Aviation Com- 
pany works at White Waltham and at first sight these 
results are encouraging. 

Figure 34 shows the noise level spectra obtained in 
various typical tests plotted against frequency at a dis- 
tance of 200 ft. from the centre of the path and is com- 
pared with the equivalent of the British European 
Airways requirement of an overall noise level of 90 
decibels at a distance of 200 ft. (equivalent to 81 decibels 
across the frequency spectrum). It is seen that the 
spectrum is highest in the highest frequency ranges and 
that the toothed nozzle silencer, described previously, 
gives in this region a noise reduction of 4 decibels. The 
tests are not conclusive for several reasons, the greatest 
source of error being the abnormally large residual noise 
from the Dart engine itself. Because of this, the noise 
levels as measured probably mean nothing in the first 
four octave bands, except that the pressure jet noise is 
equal or lower than that of the Dart. On the higher 
octave bands, the noise levels are probably about | to 2 
decibels too high as measured because of the influence 
of the Dart engine. 

Further tests were made with the microphone closer 
to the pressuré jet to eliminate the masking effect of the 
Dart engine. Fig. 34(b) shows the variation without 
and with teeth for the various frequency bands and at a 
distance of roughly 6 ft. from the nearest point of the 
rotating pressure jet periphery. It is seen that statically 
the noise reduction from the fitment of teeth is between 
4 decibels at the lowest frequency and 6 decibels at the 
highest frequencies. When the helicopter rotor is 
rotating, there is no reduction at the lowest frequencies 
but up to 4 decibels reduction at higher frequencies. 
These latter figures must be treated with reserve, but 
they suggest that the rotational frequency plays a part 
in establishing the lowest frequency noise levels. 

Table I shows the noise level reductions obtained 
in the various tests made by the N.P.L. on the Fairey 
test rig with the microphone close to the jet periphery. 

At first sight the results appear hopeful and better 
than would have been expected from listening to French 
pressure jet helicopters using units of about the same 
pressure ratios and the same supersonic Mach numbers 
at the nozzle. However, it must be remembered that 
there will be some five of these units on an actual 
machine, each of some three times the thrust of the one 
at present under test. The rotational effect is difficult 
to assess, but it is to be expected that a noise increase of 
6 or 7 decibels will occur from the increased number of 
jets and 4-5 decibels from the increased thrust. a total 
increase of about 11 decibels. The noise level in the 
high frequency range will probably be nearer the 100 db. 
figure than the 90 figure and it may be as high as 95 
db. in the lower frequency ranges. 

Further extensive tests are being done at Faireys and 
results substantiating, or refuting, of the above will be 
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TABLE I 


Reduction in decibels in frequency bands 


Rotating. Rich —4°5 25 2:5 
Weak —1 0 4 45 3:55 

Stationary. Rich 10-5 75 7 73 6S 32 


available fairly soon. At present, however, it appears 
that further noise reductions must be looked for before 
the pressure jet is really acceptable. The author feels 
that as much as can be done by suppression devices has 
already been done, and that further reductions should be 
obtained by fundamental design changes. This amounts 
to reduction of pressure ratio, even though the increase 
in mass flow will be troublesome. Bearing in mind the 
highly choked nature of the jet and the very high rate 
of noise increase with jet velocity in this regime, the 
bonus, from the noise point of view. of a reduction of 
the exit velocity to say, half, even with a doubling of the 
mass flow will give a handsome dividend in excess of 
that possible from suppression devices. A system in 
which the pressure air is made to drive a fan, is a further 
step in this direction and should be given serious 
consideration. 


6.1.4. EXHAUST JETS 

No measurements of noise have been made on 
exhaust jets as yet, although these would be interesting 
as the ultimate reduction for a given thrust of a pressure 
jet. It is hoped that the opportunity will occur to take 
some such measurements. 


6.2. VIBRATORY AND STRUCTURAL ASPECTS OF 
JET NOISE 

Following reports from the United Kingdom and 
from America that minor structural fatigue failures 
have occurred at surfaces in fair proximity to jet 
streams, experiments have begun at Southampton to 
measure with a suitable pick-up the vibration at a 
surface, in this particular case a large flat plate, at 
various positions near to the boundary of the jet. It is 
thought that the most serious vibrations occur at 
considerable altitude when the jet has become severely 
over-choked (see Fig. 23) but the experiments are 
proceeding at pressure ratios covering both subcritical. 
and supercritical, speeds. Indeed vibration levels of as 
much as 140-150 decibels have been measured in the 
United States in close proximity to the jet even at 
subsonic jet speeds. 

Since the affected regions of the aircraft are usually 
the tailplanes or rear fuselages, it is reasonable to 
assume that the subcritical vibration arises from the low 
frequency burbling occurring downstream, while super- 
critically, that it is a mixture of both these effects, and 
shock wave interference noise. The application of the 
teeth or notches to the jet pipe. therefore, may be 
expected to have a powerful effect on the latter but, 
bearing in mind the increased spread angle of the jet. 
the cure subcritically must be looked for elsewhere. 

One important thing to remember is that from a 
structural fatigue point of view, frequency is often of 


more vital significance than amplitude, since a note 
sounded at the natural frequency of some structura! 
panel will cause it to oscillate at quite a low noise out- 
put. Thus if the noise spectrum is a flat one, containing 
all frequencies, the only solution is to move the jet away 
or to stiffen up the structure. But if the spectrum is not 
flat, it is possible for actual harm to be done by altering 
the frequency by stiffening or by altering the position of 
the jet. The American tests described in Ref. 14 are of 
vital interest here. Fig. 30 shows the noise decibel leve! 
obtained at the points indicated close to the jet boundary 
and plotted against frequency. It demonstrates not onl) 
the observation previously made that the low frequency 
noise arises from some distance downstream. but also 
that at any one point close to the jet, the spectrum is in 
fact sharply peaked and that the frequency at this peak 
systematically falls as the distance from the orifice is 
increased. Bearing in mind that these tests were made 
on a one inch jet and that the frequencies are likely to 
be lowered, possibly inversely with its diameter, it will 
be seen that panel natural frequencies, and indeed 
complete tailplane frequencies, may be dominant far 
enough downstream on full scale jets. The variation of 
overall oscillating pressures with axial and radial 
distances from the jet orifice obtained in these tests is 
shown in Fig. 31 to indicate to designers the type of 
clearances that are needed between a jet and structure 
for various tolerated values of the oscillating pressures. 
The profound influence of lateral clearance is clearly 
shown, but further figures at other points in the vicinity 
of the jet are needed urgently. 

Thus, it may be concluded that consideration should 
be given to the natural frequencies of all aircraft 
members close to a jet, even those ahead of it. When 
trouble arises, an outward movement of the jet, together 
with a suitable modification to the natural frequency of 
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FIGURE 30. Comparison of the intensities and frequencies of 
noise measured at three points close to the boundary of a 
model jet. 
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1 ! | 
FIGURE 31. Variations of over-all oscillating pressure as a 


function of axial and radial distances from model jets for a 
constant jet exit velocity. 


the troublesome member should help greatly to alleviate 
the trouble. Care should be taken, however, to modify 
the member away from the dominant frequency in that 
area and not towards it. For this reason, there is an 
urgent need for more measurements, such as South- 
ampton is doing, of the frequency spectra at various 
positions near to the jet stream. This need is 
emphasised still further by the impossibility in full scale 
of simulating high altitude conditions where the jet is 
choked and the above results may not apply. 


6.3. LOW SPEED PHENOMENA 


It is not surprising that in the process of an examina- 
tion of a new problem such as jet noise, new thoughts 
have been given to the old classical problems of sensi- 
tive jets and edge tones. It is not proposed to deal with 
these in this paper, except to say that the theories put 
forward at Manchester?” and Southampton®* rely 
essentially on a back-reaction mechanism which in turn 
gives us some confidence in making the assertion that 
the same phenomenon holds in the choked jet case, 
where the sharp edge is replaced by a shock wave. It 
is recommended that those studying anew the choked 
jet case refer to these and other works on edge tones, 
at an early stage. 

At Manchester a further low speed study, both 
theoretical and experimental, is being made of the noise 
arising from a Karman Street. This most useful study 
will throw considerable light on the mechanism of noise 
formation from eddies, but it is beyond the scope of 
this work and again reference should be made to the 
original investigations. 


7. Acoustic Screening of Aircraft on 
the Ground 

In view of the great difficulties of reducing noise by 
modification to the jet pipe, it is advisable to examine 
once again, the ground running side of the problem (i.e. 
silencing the aircraft during ground testing and running 
up at the airport). 

The first step that can be taken is orientation of the 
aeroplane. All the investigations have demonstrated 
the directional effect of the noise field and that the 


maximum noise levels in the downstream directions are 
attained at angles to the jet of between 25° and 45° to 
the direction of the jet. Upstream the amount of noise 
varies considerably with engine r.p.m. but in general is 
considerably less than that in the downstream direction. 
If possible, therefore, considerable alleviation in noise 
nuisance value will be attained if these maximum noise 
directions are aimed across the airport, or at least away 
from any built up areas. This elementary finding is 
obvious but may reduce the nuisance value by at least 
as much as any of the other ground devices to be 
discussed. 


7.1. SCREENING BY WALLS 

The second possible step is to put some acoustic 
screening between the running up point and the 
populace. Experiments to test the efficiency of such a 
scheme have been done by the Ministry of Civil Aviation 
at London Airport™ and the results are promising. In 
these tests both a Viking and Comet aircraft were run up 
close to a high wall of 40 ft. height and breadth up to 
110 ft. The work was quite thorough, allowance being 
made for the wind and its direction, while some analysis 
was made of the variation with the size of wall used. 
The agreement with theory was not very satisfactory, so 
that some suspicion must fall on the results; they were 
however so promising that this method of noise 
reduction must be considered seriously, particularly in 
view of the considerable difficulties with other methods. 

The main conclusions of the work were :— 

(a) If the aircraft is close to the screen, facing it, a 
25 decibel overall reduction is attained directly 
forward for at least half a mile. 

(b) A similar reduction occurs in the shadow of the 
wall in other directions for about a quarter of a 
mile. 

(c) Trees and buildings are not very good sound 
suppressors, unless the tests are made very close 
to the buildings. 

(d) The fall off in noise is greatest in the direction 
of the wind. Some advantage may therefore be 
taken of prevailing winds in siting the running 
up points. 

(e) The attenuation is critically affected by the height 
of the wall relative to the position of the houses. 
The use of pits or sunken enclosures for running 
up will not be as favourable as high walls. 

(f) The attenuation is least for low frequencies. 
Consideration should therefore be given to the 
use of very solid walls with considerable weight 
of material in them. 

This variation in the noise reduction with frequency is 
shown in Fig. 32 taken from Ref. 1. It is to be seen 
that at the lowest frequencies the noise reduction is less 
than half that at the highest frequencies and gives about 
10 decibels reduction in the lowest octave band region. 
The advantage that such a wall possesses for jet aircraft 
application, compared with normal piston-engined types, 
is demonstrated, however, in Fig. 1. Here it is seen that 
whereas the older type of power plant gives greatest 
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noise levels at the low frequencies, the Comet at a point 
100 ft. ahead of it gives the least in this frequency region 
and the greatest at high frequencies where the wall 
serves most efficiently. 

From this it can be concluded that for jet air liner 
running up points, the wall is a useful noise reduction 
proposal and should be considered seriously. 


7.2. GROUND MUFFS 
Many experiments have been made in the United 
States on the use of elaborate ground muffs for the 
reduction of noise at ground running points, and many 
firms are using them now as a standard arrangement. 
Probably a typical experimental programme on their 
effect is contained in Ref. 13, which describes an F.89 
ground noise muffler developed by Northrops in 
California. Reference should be made to the original 
paper for the details of the scheme but the following 
tentative conclusions may be derived from it: — 

(a) With a specially made muffler. placed forward as 
well as aft of the engine, thereby silencing the 
intake, a 30 decibel attenuation is achievable at 
high frequencies at a distance of 100 ft.: this 
reduces to 20 decibels at the lowest frequencies 
at which measurements were made. 

This reduction needs a special muffler for each 
type of aircraft and is very inflexible and costly. 
The price is estimated in the United States as 
something less than £10,000. 

The high cost results from the essential complete- 
ness of the muffler, which is necessary to obtain 
this optimum noise reduction. Each six decibels 
easing of the requirement will halve the cost of 
the installation. 

The noise reduction with the aft tunnel only is 
about 20 decibels at high frequencies. 

As a practical set up, the noise reductions obtained 
do not justify the great cost and the inflexibility. Vt is 
thought that a suitably erected wall, apart from being a 
permanency, will give almost the same reduction and 
would cost much less. 

One last point should be made: there is considerable 
need for model or full scale tests on the mechanism of 
such noise reduction from muffs since it is felt that a 
good understanding of this may well allow the design 
of much simpler portable muffs which can be used in 
conjunction with the wall and other techniques. 


(b) 


(c 


(d) 


Conclusions 

1. Unless vigorous action is taken, noise levels in the 
future in both military and civil fields are likely to 
become too high to be tolerated. On normal jet-engined 
aircraft. there is an urgent need to reduce noise during 
ground running by as much as 25 decibels, and in flight 
by some 15 decibels. Reheat rockets, supersonic 
propellers and pressure jets will bring with them the 
urgent need for still greater reductions. 

2. While fundamental work at Universities and else- 
where has progressed most satisfactorily in providing 
much sought after knowledge on the mechanisms under- 
lying the production of noise, no practical suppression 
techniques have yet been put forward which reduce the 
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FIGURE 32. Comet sound spectra. 140 ft. ahead of engines. 9 
Figures in circles are loudness levels (phons). 


noise at source. On normal subsonic jets, by more than 
four or five decibels. On model jets working at high 
pressure ratios, far greater reductions, possibly as high 
as 15-20 decibels, have been obtained. 

3. In view of the great difficulty of reduction at the 
source, attention is drawn to the noise reductions 
obtained by the use of high walls and ground muffs 
during ground running. The reductions possible are as | 
high as 25 decibels; in particular, further consideration 
should be given to the use of suitable walls and correct 
aircraft orientation at busy running up points. 

4. The over-riding parameter of importance in noise} !!. 
reduction is the velocity of the jet. At subsonic speeds, 
for a given turbulence level and size, the noise energy 
increases as the eighth power of this velocity; with over- 
choked conditions, a power as high as 29 has been} 12. 
observed. It is therefore of primary importance that 
steps be taken to reduce this jet velocity. The ducted 
fan type of engine in its many forms is particularly) jet | 
suitable, and should be given serious consideration for) bety 
future civil jet air liners. shou 
5. There is evidence that jet engines are slightly choked! quer 
at sea level take-off. Some appreciable reduction in} large 
noise would result from reducing this velocity below the} natu 
choked conditions. At altitude, the jet is well choked) 13. 
and undoubtedly gives rise to greater noise and vibration! (exc¢ 
than would otherwise occur. The practically zero fall) on 0 
off in cabin noise with altitude supports this supposition.) feasj| 
6. There is evidence that while the higher frequency! engiy 
noise is set up near the jet orifice. low frequency noise} actio, 
emanates from the large scale burbling of the jet down-Fthe n 
stream. 

7. In over-choked conditions, in which a_ standing ii 
shock wave pattern exists in the jet, it is thought that bnd a 
the large noise increases result from the interaction off, a 
eddies and turbulence with these shock waves and by aah 
the amplification and resonance mechanisms by which aes 
these sound waves in their turn set up an eddyingy - 
motion near the jet orifice. be 
8. At subsonic speeds, 
suppression obtained with the various devices discuss 
in the paper is probably that of decreasing the velocit) 
shear without setting up too great an added turbulence. 
The addition of turbulence on its own in the jet is see 
to increase the noise appreciably. 
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Figure 33. Manchester tests with needle-type nozzle exit. 


eines. |g At over-choked speeds, the noise suppression 
mechanism is thought to be the elimination of the 
than | Tesonance and amplification mechanism and the 
high | SeParation of the regions of turbulence and standing 
hist shock waves. 

~ § 10. Since there is residual swirl and turbulence in an 
actual jet stream, the amount of noise suppression 
obtainable from the proposed devices may be less, in 
practice, than from those obtained with idealised model 
conditions. This will be resolved in the full scale tests 
soon to be made by Rolls-Royce. The question of the 
thrust reduction obtained with such devices will also be 
resolved in these experiments. 
noise? 1. Initial turbulence, swirl and temperature have a 
peeds,| great influence on the noise production from a jet. 
snergy) Further work is required to establish far more clearly 
 over-) the separate influence of each of these parameters. 
; been’ 12. Although further work is needed, some good 
e that) correlation between the frequencies of the maximum 
ducted) turbulence in the jet and that of the noise close to the 
sularlyf jet has been obtained. In considering the clearance 
on forf between a jet stream and any structure, some analysis 
should be made of the expected predominant noise fre- 
shoked! quencies in this region in order that there should be as 
ion in| large a difference as possible between these and the 
ow the) natural frequencies of the structure. 
choked) 13. As yet the noise from all types of tip rotor jets 
Dration! (except possibly exhaust jets) is too high for acceptance 
0 fall) on operational helicopters. The pulse jet does not appear 
sition.) feasible acoustically at this stage as a practical civil 
quency" engine but work should be done to examine the inter- 
y nois| action of two such engines similarly placed to reduce 
-down-Fthe noise at the fundamental frequency of the pulse. 
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l4. Noise suppression devices fitted to pressure jets 
have given rise to reductions of as much as 10 decibels 
: und as little as zero in various frequency ranges. This 
UON Ofype of jet working at a somewhat lower pressure ratio 
and by S feasible however and, together with the exhaust jet. 
ive should be developed. 
eddying 15. More work is needed on the development of laws of 
_— Bcaling results from model to jet engine. At present, 
merican information suggests that for a given speed 
nd Mach number, the noise levels are equal at equal 


velocity). 
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is seete®: Optical techniques to obtain correlation of 
urbi'ence and noise appear promising. 
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9. Recommendations 


1. In view of the great increases likely to occur in noise 
levels in the future, the need for this work to continue 
and the need for more work on the fundamental under- 
standing of noise production is emphasised. 

2. With this in mind it is to be recommended that 
discussions with American research teams should take 
place with a view to obtaining a correlated research 
programme covering both countries. 

3. The feasibility of the noise suppression schemes so 
far put forward depends on initial conditions. The full 
scale test rig experiments by Rolls-Royce should take 
high priority and should be made as extensive as 
possible, covering measurements of jet thrust and spread 
angles in addition to noise levels. 

4. Engine designers should be encouraged to reduce 
efflux velocity in their designs, even at the expense of 
some weight penalty. 

5. The work done on the use of walls at ground 
running points should be considered more seriously. 

6. Model experiments should be made on ground muffs 


and possibly full scale experiments should be planned 
afterwards. 
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FiGureE 34(a). Noise level on Fairey pressure jet. 
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lhe increasing flood of technical information makes it 
dificult to publish even abstracts of such information and 
it has become still more difficult to publish technical items 
of information which do not reach the status of full- 
length papers. 

Under this general heading of TECHNICAL NOTES it 
is hoped that members of the Society, and indeed all those 
who read THE JOURNAL, will help in contributing just those 
very items of useful information which normally might 
not see the light of the printed page. 

There will be no set form for these Notes. They may 
be illustrated or not. They can be short papers of a 
thousand or two thousand words; or abstracts and com- 
ments upon unpublished papers or upon published papers 
with a lirvited circulation; or notes of some interim results 
of research in hand and notes for further research; or in 
the form of a letter raising technical points or asking 


ROYAL AERONAUTICAL SOCIETY 4B 
technical questions; or letters commenting on Notes 


already published. 

These pages are intended to be a technical forum where 
members can argue and discuss; where they can inform 
and be informed; and pass on their own experience, or air 
their technical difficulties. Contributions will be published 
as soon as possible after they are received and will be 
eligible for JOURNAL Premium Awards. 

No member need ever say that his particular subject does 
not get discussed in the pages of THE JOURNAL. He can 
always raise it himself, for these pages are his pages. 

This month we publish a comment from Sweden on a 
previous note, including the results of some recent tests on 
the stresses in flat plates, a simple proof of the elastic 
centre method of analysis of fuselage frames which may 
not be widely known, and an interesting note on the 
stability of flow from a compressor.—Editor. 


The Influence of Edge Conditions and Initial Deflections of a Plate 


under Normal Pressure 


by 


S. EGGWERTZ anp A. NORR 
(Research Engineers at the Aeronautical Research Institute of Sweden, Ulvsunda) 


N an interesting Technical Note in the January 1953 
| JOURNAL, Messrs. Dickinson and Hadley reported 
some results from tests made to check a proposed 
extension to the Royal Aeronautical Society Data Sheets 
on stresses and deflections in flat panels subjected to 
normal pressure. The test rig was originally too weak 
and did not provide the edge conditions which were 
assumed when calculating the curves of Data Sheet 
02.09.02. This explains the discrepancy with regard to 
the deflections, but it is remarkable that the measured 
membrane stresses f, were so low. It is a well-known 
fact that the membrane tension at the centre of a square 
plate with large deflections is not influenced very much 


is by different edge conditions. This can be seen in Data 


Sheet 02.09.05 where the two extremes, free edges and 


edges held apart, are represented for a square plate with 


dges free to rotate. The membrane tension at the edge 
is, of course, much more sensitive for an edge displace- 
ent. but we suppose that f, is the membrane stress at 
he centre of the plate (as in Data Sheet 02.09.05). 

In a second test described in the Note good agree- 
ent was obtained, especially between theoretically 
alculated deflections and measured deflections, when 
he latter were taken relative to the panel form at zero 
ressure. The maximum initial deflection, 6,, was of 


Pro#he sume order as the thickness of the plate. It can be 


shown, however, that for a plate with such a large 


‘ichaBcceniricity as 6/t=1 the deflections 4, should be 


romen 
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considerably smaller than those, 6, calculated for an 
originally plane plate’. For very high pressures, when 
most of the load is taken by membrane stresses, the total 
absolute deflections, 6, +6,, should be about the same as 
those for an initially perfectly plane plate, i.e. 6, +6, + 6. 
Consequently it does not seem permissible in Fig. 6 of 
the Note to use the difference between the total absolute 
deflection and the initial deflection from Fig. 7. This 
means that the agreement between the test values and 
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FIGURE l(a). Pressure test rig. 
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FiGure 1(b). Pressure test rig and test specimen. 


the theoretical curve should not be so good as might be 
concluded from Fig. 6. 

At the Aeronautical Research Institute of Sweden 
(FFA), some tests have recently been made to study the 
deflections and stresses of thin square plates with normal 
pressure and various edge frames of finite stiffnesses. 
The edge frame has been allowed to move in the plane 
of the plate but not to deflect perpendicular to this plane 
(test rig, see Fig. 1). The four equal members of the 
edge frame. which were rigidly connected, have been 
made with different moments of inertia, the stiffness of 
the frame being related non-dimensionally to that of the 
plate by 
_ 
EB r 
where E,= modulus of elasticity of frame material 

E= modulus of elasticity of plate material 
/,= moment of inertia of edge frame about an 
axis perpendicular to the plane of the 
plate 
b= side length of plate 
t= thickness of plate. 


In Fig. 2 are plotted the deflections and the mem- 
brane stresses measured in the centre of a plate, approxi- 
mately 10 in. wide and 18 S.W.G. thick, with two 
different frames, one very stiff, s=85-3 x 10~*, and the 
other comparatively weak, s=2-11 x 10~*. The plates 
had very small initial deflections and the maximum 
deflections were measured from a perfectly plane plate, 
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Ficure 2. Comparison of data sheet curves and results 
of tests at FFA. 


as it proved to be very difficult to measure accurate 
the form of the plate at zero load even when precaution 
were taken to reduce the dial gauge pressure as much: 
possible. The test results for the stiff frame seem ! 
agree rather well with the extended curves of Data Sh 
02.09.02 (valid for s=90). For the weak frame ti 
deflections are much larger, while the membrane stress 
are only slightly lower than those for s= ©. 

The test results from the investigation mention 
will soon be published as a report from FFA, includi 
a theoretical study of the influence of the variation 
the stiffness factor s. 


1. NYLANDER, H. (1951). Initially Deflected Thin Plate wi 
Initial Deflection Affine to Additional Deflection, Int 
national Association for Bridge and Structural Engineeri 


Publications, Vol. 11, Ziirich, 1951. 
harg 


Strain Energy Proof of the Elastic Centre Method for the Analysis of Frames 


DEREK R. SAMSON. B.Sc.(Eng.), A.R.Ae.S. 
(The de Havilland Aircraft Co. Ltd.) 


RAME ANALYSIS problems in general involve 
the determination of the values of three redundancies, 
which can become somewhat laborious. By applying 
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the redundancies at the elastic centre of the frame 
amount of work is much reduced and the solving 
simultaneous equations is avoided. The method di'®Ss« 
not seem to be very widely used and it is considered wid 
this may be due partly to the way in which the pr,,,,;. 
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53 TE HINICAL _NOTES~SAMSON— STEPHENSON 


has usually been presented. The following proof is given 
in the hope that it may assist in clarifying the method. 


Consider any frame, as shown in the diagram, acted 


on by some external load system F (w) which may be in 


the form of direct forces, skin shears, couples and so on. 

Cut the frame at some point A and consider the 
rame as built-in at one side of the cut. 

From the other side of the cut extend an infinitely 
igid arm to some origin O within the frame. Let the 
xes XX, YY pass through O. 

Apply the redundancies Hy, V_ and Mo at the point 
. Then the bending moment in the frame at any point 


M= + M, Vox+ Hoy 


The strain energy of the frame due to bending is 


| Mas. 
Then 
aM, 2M. EI 
(1) 
OU _ aM is—0 
EI — 
oH, J EI OH. EI 
(3) 


Choose the sas of O and the inclination of the axes 
so that 


Then from (1). Mo= - (5) 


from (2) Vo= - —— A ; (6) 


and from (3) - — > (7) 


1/(EI) may be considered as the “elastic weight” 
per unit length of the frame, the elastic centre being at 
the centroid and the axes XX, YY the principal axes, 
thus fulfilling the conditions (4). 


T IS OFTEN supposed that the flow of gas from a 
compressor is, or should be, stable if the pressure-flow 
haracteristic has a negative slope. It is shown here 
at this is only true if the Mach number is zero, i.e. if 
€ machine is pumping a liquid. As the Mach number 
§ increased towards one, a third regime becomes more 
nd more important, wherein disturbances give rise to 
amped oscillations. The flow in this regime is stable 
the mathematical, but not in the physical sense, since 
isturbances can occur all the time. 

Two conclusions can be drawn. First, although com- 
ressors with “ flat” pressure-flow characteristics have 
Wide range of stable flow at low speeds, they are poor 


eceiv] 30th March 1 953. 


On the Stability of the Flow of Gas out of a Compressor 


STEPHENSON 
(Division of Engineering, Brown University, 


U.S.A.) 


at high Mach numbers, where the flat part cannot be 
used. Next, the actual points on the characteristics at 
which the flow becomes unstable are not fixed, but de- 
pend to a large extent on the steadiness of the entry flow. 


THE STABILITY CONDITIONS 
Consider a straight parallel duct, area A, length L, 
fed by gas from a compressor delivering a mass flow 
W at pressure p. The independent variables are thus 
W, p, the mass of gas Q (where W=0Q/0t), and the 
temperature T. The equation of equilibrium is 
Ap+ 2? aw+ 


Now the force on the gas per unit length of the duct is 


|_| 
+45 x 
4 \ 
| 
| = 
| 
| 
48 Y 
M,,.ds 
) El ig 
El 
| M..v ds 
Yds 
1S 
ecautior 
much @Where M,, is the bending moment due to the external 
seem 104d system F(w) acting alone. 4s is an element of the a 
Yata Sheaftame at B. 
frame ti 
mention 
-includi 
by 
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AAp/L, and this is equal to the rate of change of Aururvoa Or 
momentum, which is 0W/ot. Hence 
A — Time 
OF 
Also Q=pAL, where p is the density. Hence, if the flow © Dwercenr @ Deav-Beat DamPeD 


follows the perfect gas law, p=pRT, and the isentropic 
law pcp”, we have 


0Q LAcp LA 
Equation (1) thus becomes 
A ot? oWot LA 
There are three classes of stability implied by equa- 
tion (2): 
(i) @p/eW is positive, and any small disturbance is 
amplified into a divergent oscillation. 
(ii) Cp/eW is negative, and 


4yRT 
ow 


In this case a disturbance is damped without oscillation 
(“deadbeat”) and the flow is completely stable. 
(iii) Cp/ CW is negative, but 
Cp ) 4yRT 
ow 
A disturbance now gives rise to a damped train of 
oscillations, the rate of damping increasing as 0p/0W 
approaches the critical value. 
The usual analysis of stability classes both the dead- 
beat and damped oscillation as stable conditions, which 


rp | 
@) FiGuRE 1. Constant 
speed characteristic. 
Ww 


of course they are for a single disturbance. But here we 
are considering continuous flow, with the possibility of 
continuous excitation. Suppose, for example, that W is 
slowly reduced by throttling along the typical constant- 
speed characteristic of Fig. 1. The flow is completely 
stable until the damping falls to the critical value. From 
here on each of the disturbances which occur at random 
intervals sets up a damped train of waves, and momen- 
tary oscillation of the flow. As the degree of damping 


OSCILLATION OSCILLATION 


FiGURE 2. Regimes of stability. 


is further reduced the wave trains increase in length 
until they begin to overlap. Finally, when the damping 
falls to zero the oscillation becomes continuous. The 
motions of the three regimes are sketched in Fig. 2. 
Clearly the whole of regime (iii) cannot be called stable 
even if the amplitude of oscillation is limited. 

The critical condition can be rewritten in the dimen- 
sionless form 


_ 2Wv/(yRT) —2 

dW pA 
where M is the Mach number. Therefore the regime of 
stable flow is reduced as the Mach number is increased, 
as in Fig. 3; and a compressor designed to operate with 
high Mach number will not have a “ surge” line joining 
the peaks of the speed curves, but a critical line to the 
right of this. The degree of instability in the regime 
(iii) between these then depends partly on the damping 
and partly on the degree of steadiness of the entry flow 
to the compressor. 


Ww 
FiGuRE 3. Compressor characteristics for different speeds. 
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Reviews 


SLPERCONDUCTIVITY. D. Shoenberg. Cambridge Mono- 
gruphs on Physics. Cambridge University Press 1952. 256 pp. 
30s. net. 

Although a tract on the same subject was published by 
the author in 1938, this is to all intents and purposes a 
new book. A rapid glance through the list of about 400 
original papers given at the end shows that more than 
half of these have appeared since the beginning of 1940: 
this is itself witness both to the considerable effort. 
particularly by experimenters, devoted to the study of 
superconductivity, and to the thoroughness with which Dr. 
Shcenberg has prepared this summary of the subject. It 
is also worth noting that about 50 of the more recent papers 
describe work by Russian scientists, an example which one 
wishes other authors could copy. 

Among the recent experimental work described and 
meriting attention is that on the structure of the inter- 
mediate state which exists in the presence of a critical 
magnetic field. The metal as shown by the experiments of 
Meshkovsky and Shalnikov, is then a complex mixture of 
normal and super-conducting regions extending right to 
the surface. From a study initiated by the author in 1939, 
using a mercury colloid, much has also been learned about 
the penetration of magnetic fields into the superconductor. 
In this direction the work of Lock on thin films, and the 
low and high frequency measurements (Laurmann and 
Shoenberg, Pippard) on large specimens has been most 
rewarding. 

Superconductivity shares with the behaviour of liquid 
helium II the distinction of being a phenomenon in which 
quantal effects are apparent on a macroscopic scale. 
Although both were discovered early in this century neither 
is yet fully understood. Much understanding has come 
through phenomenological theories, notably that of F. & H. 
London and the two-fluid model of Gorter and Casimir, 
the latter also reminiscent of theories of liquid helium. 
These have been current for nearly twenty years and are 
well described in this book. More recently hopes were 
raised that a more fundamental solution had been found 
along lines proposed independently by Fréhlich and 
Bardeen, but the validity of their arguments is still open to 
criticism. Dr. Shoenberg barely describes them, but one 
hopes that when another edition is required, the origin of 
superconductivity will have been well and truly explained. 

Meanwhile, for a balanced and readable account of 
what is known, together with much tabulated information, 
his present book is excellent.—R. A. BUCKINGHAM. 


ESSENTIALS OF MICROWAVES. Robert B. Muchmore. 
YVohn Wiley, New York. Chapman & Hall, London 1952. 
236 pp. 202 figures. 36s. net. 

The purpose of this book is to present facts that will 
enable the reader to understand microwave apparatus and 
its functions and to give a sound workable explanation of 
microwave phenomena. 

After a brief introduction, the fundamental empirical 
laws are given in Chapter 2. The author shows, by 
combining and extending them, how these laws govern 
all microwave phenomena. In particular, the rules 
pertaining to wave propagation and reflection are found 
and applied to the understanding of wave guides, cavity 
resonators and so on. Subsequent chapters deal with 
electronic devices (where the same principles are applied 
again) and some illustrative applications of microwave 
equipment. In the chapter on measurement all the appar- 
atus and phenomena already described are interpreted and 
judged on the basis of the measurements that can be made. 


DICTIONARY OF FIRE TECHNOLOGY. Institution of Fire 
Engineers. Chantry Publications, London. 97 pp. 7s. 6d. 

Unlike many volumes that now bear the description 
* Dictionary” this conforms to the generally accepted 
definition. It is an alphabetical list of the terms one will 
meet in fire-fighting and the science thereof with their 
meanings. It has no particular bearing on fires in aircraft, 
but is more the sort of thing the Civil Defence enthusiast 
will want by his side. He will not, I fear, learn how to 
spell “ desiccation ”; but he will learn the correct spelling 
of “kerosine,” and it is welcome to see this in an 
authoritative dictionary. 


AVIATION MEDICINE. 

The issue of The Medical Press of 25th February 1953 
is devoted entirely to aviation mcdicine. In its 33 pages 
this issue contains the following papers : — 

“Some Aviation Problems Related to the Ear and 
Sinuses * by Air Vice-Marshal E. D. Dalziel Dickson. 

* Visual Problems of Aviation ” by Air Cdre. J. C. Neely. 

* Decompression Sickness * by W/Cdr. H. L. Roxburgh. 

* Psychological Aspects of Modern Operational Flying ” 
by W/Cadr. J. S. Howitt. 

“ Psychological Aspects of Combat Flying * by Dr. Denis 
Williams. 

“The Care of Flying Personnel” and * The Transport 
of Invalids by Air” by Dr. K. G. Bergin. 


Additions to the Library 


Allis, W. P. and M. A. Herlin. THERMODYNAMICS AND 
STATISTICAL MECHANICS. McGraw-Hill. 1952. 

Bennett, G. E. et al. ELECTRONICS APPLIED TO THE 
MEASUREMENT OF PHYSICAL QUANTITIES. R. & M. 2627. 
H.M.S.O. 1952. 

Brooks, B. I. and A. E. Dunstan (General Editors). 
SCIENCE OF PETROLEUM VoL. V, Prt. II. SYNTHETIC 
PRODUCTS AND REFINERY Processes. O.U.P. 1953. 

Cazuad, R. (Translated by A. J. Fenner). FATIGUE OF 


MetaLts. Chapman & Hail. 1953. 

Civil Aeronautics Administration. AIRCRAFT AT Work. 
U.S.G.P.0. 1952. 

Civil Aeronautics Administration. AIRPORT PLANNING. 
U.S.G.P.0. 1952. 


Department of Scientific and Industrial Research. 
STRENGTH AND TESTING OF MATERIALS. Parts 1 & 2. 
(Volume 6 of Selected Government Research Reports.) 

Department of Scientific and Industrial Research. 
LUBRICANTS AND LUBRICATION. (Volume 11 of Selected 
Government Research Reports.) 

Nielsen, K. J. and J. F. Heyda. THE MATHEMATICAL 
THEORY OF AIRBORNE FIRE CONTROL. Navord Report 
1493. U.S.G.P.0. 1951. 

Norden, R. A. DOMESTIC AND INTERNATIONAL AIR 
FREIGHT. (Preprint.) 1953. 

Relton, F. E. AppLigeD DIFFERENTIAL EQuaTIONS. Blackie. 
1948. AppLIED BESSEL FUNCTIONS. Blackie. 1946. 
Saunders, N. F. T. FAcToRY ORGANISATION AND MANAGE- 

MENT. 3rd ed. Pitman. 1952. 
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AERODYNAMICS 


BouUNDARY LAYER 
See also COMPRESSIBLE FLOW 


On the theory of the turbulent boundary layer. J. Rotta. 


N.A.C.A. Technical Memorandum 1344. 


Turbulent energy. dissipation, and momentum relations are 
discussed. A procedure is given for computation of turbulent 
skin friction in a boundary-layer flow with pressure 
gradients.—(1.1.2). 


Factors affecting laminar boundary layer measurements in a 
supersonic stream. R. E. Blue and G. M. Low. N.A.C.A. 
Technical Note 2891. 


The observed discrepancy at supersonic speeds between 
theoretical and apparent experimental average flat plate 
friction-drag coefficients calculated from boundary layer 
total-pressure surveys was investigated. Effects of the total- 
pressure probe. heat transfer through the leading-edge 
region, leading-edge geometry and strength of the leading- 
edge wave, possible early transition to turbulent flow or 
“ bursts of turbulence.” and the slight streamwise pressure 
gradient inherent in flat-plate flow were included in the 
investigation.—(1.1.1). 


A rapid method for estimating the separation point of a 
compressible laminar boundary layer. L. K. Loftin, Jr., and 
H. B. Wilson, Jr. N.A.C.A. Technical Note 2892. 


A method which permits the rapid estimation of the seper- 
ation point of a compressible laminar boundary layer has 
been developed. The method is generally applicable to any 
two-dimensional flow which satisfies the classical boundary 
layer assumptions. Calculations made with the use of the 
method indicate that the amount of velocity recovery 
possible before laminar separation occurs decreases as the 
Mach number increases.—(1.1.4). 


COMPRESSIBLE FLOW 
See also INTERNAL FLOW 


On some aspects of the noise propagation from supersonic 
aircraft. G.M. Lilley, et al. Cranfield Report No. 71. 


The noise problem associated with an aircraft flying at 
supersonic speeds is shown to depend primarily on the shock 
wave pattern formed by the aircraft. The noise intensity 
received by a ground observer from a supersonic aircraft 
flying at high as well as low altitudes, is shown to be high 
although it is of a transient nature. A study of the shock 
wave patterns around an aircraft in accelerated and retarded 
flight is shown to lead to an explanation of the one or more 
booms, of short duration, heard by ground observers after 
an aircraft has dived at supersonic speeds.—(1.2.3). 


Design, calibration and correction of a 16 Mach number 
nozzle. J. G. LaBerge. N.A.E. Canada. Laboratory Report 
LR-41. 


The calculation of the theoretical liner profile for M=1-6 
calibration tests and the method of correcting the liner to 
improve the velocity distribution in the working section of 
a 10 in. by 10 in. wind tunnel are described.—(1.2.3). 


On a solution of the nonlinear differential equation for transonic 

flow past a wave-shaped wall. C. Kaplan. N.A.C.A. Report 

1069. 
The simplified non-linear differential equation for transonic 
flow past a wavy wall is solved by the method of integration 
in series. The solution has been carried to the point where 
the question of the existence or non-existence of a mixed 
potential flow can be answered by the behaviour of a — 
power series in the transonic similarity parameter.—(1.2 


‘alculation of the shape of a_ two-dimensional supersonic 
nozzle in closed form. D. Cunsolo. N.A.C.A. Technical 
Memorandum 1358. 


The idea is advanced of making a supersonic nozzle by 
producing one. two, or three successive turns of the whole 
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flow; with the result that the wall contour can te calculated 
exactly by means of the Prandtl-Meyer Lost Solution.” — 
(1.2:3). 


Reflection of a weak shock wave from a boundary layer along 
a flat plate. 1. A, Ritter and Yung-Huai Kuo, N.A.C.A, 
Technical Note 2868. 
This is concerned with the phenomena encountered when 
a plane oblique shock wave is incident upon the boundary 
layer of a flat plate. The problem has been simplified by 
dividing the flow fluid into a viscous layer near the wall and 
a supersonic potential outer flow. Ordinary linearised theory 
has been applied to the outer flow inasmuch as the study 
has been restricted to infinitesimal compression waves and 
only small perturbations are encountered.—(1.2.3 1.1.0). 


Reflection of weak shock wave from a boundary layer along 
a flat plate. Il. Yung-Huai Kuo. N.A.C.A. Technical Note 
2869. 


By analogy with the boundary-layer concept. the flow 
produced by the inter-action between a shock wave and a 
laminar boundary layer is subdivided into a viscous layer 
and a potential field. The assumptions that the compressi- 
bility effect in the inner layer is negligible and that the 
original flow in the outer layer is uniform lead to simple 
analytical solutions using a differential-equation method to 
determine the perturbed flow. The joining conditions at the 
interface -etween the layers determine an eigenvalue which 
gives the rate of decay and the character of the disturbances 
both upstream and downstream of the point of incidence.— 


Unsteady oblique interaction of a shock wave with a_ plane 

disturbance. F.K. Moore. N.A.C.A. Technical Note 2879. 
Analysis is made of the flow field produced by oblique 
impingement of weak plane disturbances of arbitrary profile 
on a plane normal shock. Three types of disturbance are 
considered.—(1.2.2). 


Some exact solutions of two-dimensional flows of compressible 
fluid with hodograph method. Chieh-Chein Chang and VJ. 
O'Brien. N.A.C.A. Technical Note 2885. 


A suggestion is given for classifying compressible potential 
flows according to location and number of singularities in 
the subsonic region of the hodograph plane, which seems 
to offer a convenient criterion for systematic investigation 


of these flows with Chaplygin’s original method. The? 


object of the paper is to present and analyse a few useful) 


solutions of compressible potential flow with the exact gas} 


law. These solutions include flows about convex corners 
and belong to the same class as that of Ringleb. Also, the 
exact solution of compressible flow through a_ particular 
contracting channel is given.—(1.2.3). 


FLuip DyYNamIcs. 


On a class of exact solutions of the equations of motion of ¢ 
viscous fluid. V. I. Yatseyev. N.A.C.A. Technical Memor- 
andum 1349. 
The general solution is obtained of the equations of motion 
of a viscous fluid in which the velocity field is inversely 
proportional to the distance from a certain point. Some 
particular cases of such motion are investigated.—(1.4). 


On the stability of the laminar mixing region between two 
parallel streams in a gas. C.C. Lin. N.A.C.A. Technical Nott 
2887. 


A study was made of the stability of the mixing of two 
parallel streams in a gas. It is shown that, when the relative 


speed of the two parallel streams exceeds the sum of their 
velocities of sound, subsonic oscillations cannot occur and 
the mixing region may be expected to be stable with respec 
to small disturbances. Also. that when viscosity and heal 
conductivity are neglected, if the flow can execute a small 
neutral subsonic disturbance it can also execute self-excited 
oscillations of longer wave lengths and damped oscillation 
of shorter wave lengths.—(1.4). 
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INTERNAL FLOW 
yee also POWER PLANTS 


Funnel wall effect from mass flow considerations. A. Thom. 

R. & M. 2442. 
This is an attempt to extend the usual blockage formule 
to high subsonic speeds. It is based on an assumption which 
perhaps can only te fully justified by results. The conclusion 
reached seems sufficiently reasonable to suggest that the 
method might be worth taking further either analytically 
or experimentally —(1.5.1 x 1.2.2). 


Axisymmetric supersonic flow in rotating impellers. A. W. 


Goldstein. N.A.C.A. Report 1083. 


General equations are developed for isentropic, frictionless, 
axi-symmetric compressible flow in rotating impellers with 
blade forces eliminated in favour of the blade-surface 
function. The characteristic equations for supersonic flow 
are developed and a computing technique is utilised to find 
the effect of variations of design parameters on internal flow 
and work-input distribution.—(1.5.2). 


Experimental investigation of loss in an annular cascade of 
turbine-nozzle blades of free vortex design. H.W. Allen et al. 
N.A.C.A. Technical Note 2871. 


Losses originating in a cascade of turbine-nozzle blades of 
free-vortex design were investigated quantitatively at two 
Mach numbers, and visual studies were also made of the 
boundary-layer flow on blade and shroud surfaces. High 
loss regions were found near the corners between the suction 
side of the wake and the shrouds. These losses were 
accompanied by high discharge-angle gradients.—(1.5.4). 


Combined effect of damping screens and stream convergence 
on turbulence. M. Tucker. N.A.C.A. Technical Note 2878. 


The analysis treats, in the absence of turbulent decay 
processes, the combined effect of a series of identical 
damping screens followed by a stream convergence upon the 
mean-square fluctuation velocities, scales, correlation coefti- 
cients, and one-dimensional spectra of a convected field of 
turbulence described by a triple Fourier integral super- 
position of plane transverse waves. An approximate method 
for taking into account the effects of turbulent decay upon 
the mean-square fluctuation velocities is also presented.— 


Performance characteristics of —plane-wall two-dimensional 
diffusers. E. G. Reid. N.A.C.A. Technical Note 2888. 


Performance characteristics were determined for plane-wall, 
two-dimensional diffusers which were so proportioned as to 
insure reasonable approximation of two-dimensional flow. 
The diffusers had identical entrance cross sections and 
discharged directly into a large plenum chamber; the test 
programme included wide variations of divergence angle 
and length.—(1.5.1). 


STABILITY AND CONTROL 


Matrix method of determining the longitudinal-stability coeffi- 
cients and frequency response of an aircraft from transient 
flight data. J. J. Donegan and H. A. Pearson. N.A.C.A. 
Report 1070. 


A method is presented for obtaining the over-all longitudinal- 
stability coefficients and frequency response of an aircraft 
from an analysis of arbitrary manceuvres in which simple 
instrumentation is used. Although the method presented 
deals entirely with the aircraft. it is equally applicable to 
other problems which can be expressed by second-order 
differential equations.—(1.8.2). 


Theoretical investigation of the longitudinal response character- 
istics of a swept-wing fighter airplane having a_pitch-attitude 
conirol system. F. H. Stokes and J. T. Matthews. N.A.C.A. 
Technical Note 2882. 


An analysis is made of a pitch-attitude control system, both 
with and without rate feedback, as applied to a swept-wing 
lighter aeroplane. The results show the response character- 
‘stics of the aeroplane-autopilot combination. The effects 
‘hat changes in altitude and Mach number have on these 


response characteristics are investigated, as are the effects of 
changes in the rate and error gain settings of the system.— 
(1.8.2). 


WINGS AND AEROFOILS 


The solution of lifting-plane problems by vortex-lattice theory. 
V. M. Falkner. R. & M. 2591. 


This report describes in detail the methods by which the 
principles of vortex-lattice theory, introduced in a previous 
report, R. & M. 1910, are applied to the calculation of the 
aerodynamic loading of wings by lifting-plane theory. The 
scope of the paper is limited to the application of these 
principles to symmetrical incidence solutions and symmetrical 
and anti-symmetrical wing twist solutions. for which standard 
solutions can be treated by comparatively simple loading 
functions. A comprehensive set of solutions for a delta 
wing is included in the report in order to show the conver- 
gence of and relation between solutions of varying 
complexity, and to indicate which solution should be used 
in order to satisfy the accuracy prescribed for any given 
problem. The case of the delta wing is not completely 
general, and the exposition in respect to induced drag and 
yawing moment will be completed in a later report.— 
(1.10.1.3). 


Theoretical symmetric span loading due to flap deflection for 
wings of arbitrary plan form at subsonic speeds. J. DeYoung. 
N.A.C.A. Report 1071. 


A procedure based upon a simplified lifting-surface theory 
that includes effects of compressibility and spanwise variation 
of section lift-curve slope is presented in such a manner 
that the spanwise loading due to flap deflection can be 
simply found for wings having symmetric plan forms with 
constant spanwise sweep angle of the quarter-chord line. 
Aerodynamic characteristics due to flap deflection are con- 
sidered and for straight-taperd wings, values of certain of 
these characteristics are presented in charts for a range of 
swept plan forms. Further use of the method gives down- 
wash in the vertical centre of the wake of the wing.— 
(1.10.1.2). 


Calculations of upwash in the region above or below the wing- 
chord planes of swept-back wing-fuselage-nacelle combinations. 
V. L. Rogallo and J. L. McCloud, Ill. N.A.C.A. Technical 
Note 2894. 


A procedure has been developed for predicting the upwash 
components of the upflow angles in the region above or 
below the wing-chord planes of swept-back wing-fuselage- 
nacelle combinations. Comparisons are made of the pre- 
dicted and measured upflow angles for six semi-span models 
with 40° swept-back wings.—(1.10.1.2). 


HELICOPTER AERODYNAMICS 


Power-off flare-up tests of a model helicopter rotor in vertical 
autorotation. S. E. Slaymaker and R. B. Gray. N.A.C.A. 
Technical Note 2870. 


The problem of reducing the descending velocity of a heli- 
copter model in steady vertical autorotation by expending 
the kinetic energy of the rotor in a collective- -pitch flare 
was investigated experimentally. Test data were obtained 
over a wide range of operating conditions from a freely 
falling model rotor restrained laterally by a guide wire. 
A semi-empirical method was developed for predicting the 
flare performance of the model.—(1.11). 


TESTING AND INSTRUMENTS 


Development of turbulence-measuring equipment. L. S. G. 
Kovasznay. N.A.C.A. Technical Note 2839. 


Hot - wire turbulence - measuring equipment has _ been 
developed to meet the more stringent requirements involved 
in the measurement of fluctuations in flow parameters at 
supersonic velocities. The equipment covers the frequency 
range from 2 to 70,000 cycles per second. The equipment 
is adaptable to all-purpose turbulence work with improved 
utility and accuracy over that of older types of equipment. 
Sample measurements are given to demonstrate the perform- 
ance.—(1.12). 
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A digital automatic multiple pressure recorder. B,. A. Coss 


etal. N.A.C.A. Technical Note 2880. 


A machine is described which will automatically measure 
and record 100 pressures in a range from 5 to 65 inches of 
mercury, in approximately 24 minutes, to an accuracy of 
0-1 inch of mercury. The method used is to compare the 
unknown pressures with a scanning pressure whose value at 
any instant is known in digitalised form.—(1.12). 


AEROELASTICITY 


Wing-fuselage flutter of large aeroplanes. W. P. Jones. 

R. & M. 2656. 
A general theoretical method is descrited which takes into 
account a large number of degrees of freedom and is based 
on design data for the aeroplane. The problem specifically 
investigated is the symmetrical flutter of a particular aircraft. 
Twelve degrees of freedom are assumed to cover pitching 
and translational motion of the whole aeroplane, flexure 
and torsion of the wings. and fuselage vertical bending. 
The tailplane is regarded as rigid. In the case considered. 
estimates indicate that the lowest critical speed is well above 
the maximum design speed of the aeroplane. The influence 
of the additional degrees of freedom associated with move- 
ments of the control surfaces is not considered.—-{2). 


AIRCRAFT DESIGN 


Electrically heated aircraft windscreens. J. H. Milsum. N.A.E. 

Canada. Laboratory Report LR-43. 
This report describes briefly the development. design, and 
application of electrically heated glass panels primarily for 
anti-icing aircraft windscreens. Known sources of supply 
are given, together with the most recent information avail- 
able on design limitations. and new developments are 
mentioned.—(4.2.2). 


AIRPORTS 
LIGHTING 


Lighting pattern distortion caused by rain on an airplane wind- 
Shield. A. T. Tiedemann. C.A.A. Technical Development 
Report No. 189. 


This report describes a limited series of observations to 
study the effectiveness of airport lights and light patterns 
when viewed through an aeroplane windshield during rain- 
fall.—(6.3 x 5.4). 


ELECTRONICS 


Electronics applied to the measurement of physical quantities. 
G. E. Bennett, G. R. Richards and E. C. Voss. R. & M. 2627. 


The application of electromechanical and electronic prin- 
ciples to the design of instruments is descrited for the 
measurement of physical quantities such as movement. 
strain, pressure. acceleration, and vibratory motion, with 
particular reference to the special requirements of aero- 
nautical engineering. The dynamic characteristics of pick- 
ups are considered, and sub-divided on an electrical basis 
into electromagnetic, capacitance and resistance types, a 
detailed description of each type being given. This is 
illustrated by an historical survey of their development. and 
by reference to a number of various recent designs and their 
characteristics. Piezoelectric. magnetostrictive, photoelectric. 
hot-wire, vibrating wire, and vacuum tube pick-ups are also 
considered briefly, and reference is made to calibrating 
devices and technique.—{11 « 31.1). 


HYDRODYNAMICS 


Contribution a la théorie des ondes liquides de gravité en 
profondeur variable. M. Roseau. Publications Scientifiques 
et Techniques du Ministére de L'Air. No. 275.—(17.1). 


The planing characteristics of two V-shaped prismatic surfaces 
having angles of dead rise of 20° and 40°. D. B. Chambliss 
and G. M. Boyd, Jr. N.A.C.A. Technical Note 2876. 


An investigation was conducted to determine the principal 
planing characteristics of two V-shaped surfaces having 
angles of dead rise of 20° and 40°. The data indicate that. 
for a given condition of load, speed, and trim, the wetted 
length. distance of centre of pressure from trailing edge. 
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and drag increase with an increase in the angle of dead 
rise.—(17.2). 


Hydrodynamic characteristics of a low-drag, planing-tail flying- 
boat hull. H. B. Suydam. N.A.C.A. Technical Note 2481. 


The hydrodynamic characteristics, as determined from model 
tests of a planing-tail, flying-boat hull that was found to 
have very low air drag. are described and these character- 
istics are compared with the hydrodynamic characteristics 
of a comparable conventional type of hull.—(17.2). 


INSTRUMENTS AND EQUIPMENT 


Evaluation of airport’ surface detection equipment model 
AN/MPN-7 (XW-1). Part I. Technical evaluation. E. M. 
Blount et al. C.A.A. Technical Development Report No. 175. 


This is the first of two reports which describe the evaluation 
of an experimental airport surface detection equipment 
(ASDE) designated by the Department of the Air Force as 
Radar Set AN/MPN-7 (XW-1). Originally called Radar 
Set AN/CPS-8 (XW-1), this equipment was modified to 
provide information necessary to facilitate the movement of 
traffic on the surface of an airport during conditions of 
poor visibility. Part I of this report is concerned with the 
technical phase of the re decane Part II covers 
the operational tests.—(18.1 » 


MATERIALS 


Investigation of gases evolved during firing of vitreous coatings 
on steel. D. G. Moore and Mary A, Mason. N.AC.A. 
Technical Note 2865S. 


A study was made of the nature and source of gases evolved 
when a ground-coat enamel is applied to low-carbon steel. 
The principal gases evolved were found to be carbon 
monoxide. carbon dioxide. and hydrogen. The cause of 
primary boil was determined as the evolution of carbon 
gases from the oxidation of carbon in the steel.—-(21.3.1 » 
21.4). 


Bearing strengths of some 75S-T6 and 14S-T6 Aluminum-alloy 
hand forgings. E. M. Finley. N.A.C.A. Technical Note 2883. 


Results are given from an investigation of bearing properties 
of some 75S-T6 and 14S-T6 aluminium-alloy hand forgings 
in the longitudinal and long transverse directions and in 
surface and centre locations. The tensile properties of the 
forgings were above those specified for such material and 
showed the expected directional or locational characteristics. 
The bearing properties showed less directional or locational 
variations than did the tensile properties. Ratios of bearing 
to longitudinal tensile strengths are summarised and nominal 
values are recommended for use in selecting design bearing 
strengths.—(21.2.2). 


Survey of portions of the iron-nickel-molybdenum and cobalt- 

iron-molybdenum ternary systems at 1200°C. D. K. Das and 

P. A. Beck. N.A.C.A. Technical Note 2896. 
The 1200°C. isothermal sections of the  iron-nickel- 
molybdenum and the  cobalt-iron-molytdenum _ ternary 
systems were surveyed. The phases occurring in these 
systems were identified by means of X-ray diffraction and 
by etching methods, and the phase boundaries at 1200°C. 
were determined microscopically. using the disappearing 
phase method with quenched specimens.—(21.1). 


MATHEMATICS 


Le role de la régularité dans le calcul numérique. P. Vernotte. 
Publications Scientifiques du Ministére de L'Air. No. N.T.45—- 
(22.1). 


PROPELLERS 


Aerodynamic. characteristics of a two-blade N.A.C.A. 10-(3) 
(062)-045 propeller and of a two-blade N.A.C.A. 10-(3) (08)-045 
propeller. W. Solomon. N.A.C.A. Technical Note 2881. 


Characteristics are given for the two-blade N.A.C.A. 10-(3) 
(062)-045 propeller and for the two-blade N.A.C.A. 10-(3) 
(08)-045 propeller over a range of advance ratio from 0°5 
to 3-8, through a blade-angle range from 20° to 55° 
measured at the 0°75 radius.—(29.1) 


JOUR. 


— — = 
350 VOL. 57 
y 
« 
a 
d 
h 
\ 
St 
th 
an 
\ 
we 
me 
an 
f 
T 
T 
— 


APPOINTMENTS 


This section of THE JoURNAL is available for advertisements of appointments in the Industry, 
the Ministries, Research Establishments, Universities and Colleges in the United Kingdom only. 


Press Day—20th of the month preceding publication. 

Rates—8/- a line. Each paragraph is charged separately and name and address 
must be counted. Semi-displayed setting £2 10s. Od. per column inch. 

Box Numbers—1 /- extra. Replies should be addressed to: Box 000, care of 
THE JouRNAL, Royal Aeronautical Society, 4 Hamilton Place, London, W.1. 


Remittances—Cheques and postal orders should be made payable to the Royal 
Aeronautical Society. 

The Society reserves the right to decline any copy or advertisement at its 
discretion and accepts no responsibility for delay in publication or for 
clerical or printer's errors, although every care is taken to avoid mistakes. 


ICKERS-ARMSTRONGS LIMITED have vacancies in 
their Guided Weapons Department for the following staff: 
Electronic Engineers of degree standard, with at least three 
years’ experience in one of the following: V.H.F. Transmitter 
and Receiver Design, Pulse Techniques, Aerials, Transformer 
Design, Servo-Mechanisms and Electro-mechanical Devices. 

Technical Assistants with H.N.C. or C. & G. standard, for 
development work, electronics. servo-mechanisms and 
hydraulics. 

Draughtsmen with experience in electronics, electrical, or 

electro-mechanical design. 

Jig and Tool Draughtsmen. 


Apply, quoting reference G.W.1, to Employment Manager. 
Vickers-Armstrongs Limited. Weybridge Works, Weybridge, 
Surrey. Applications, with certain exceptions, are subject to 
the approval of the Ministry of Labour & National Service. 


EIGHTS ESTIMATORS AND CONTROLLERS. The 

Bristol Aeroplane Company Limited have vacancies in 
their Aircraft Structures Design Office at Filton for:— 

Junior, Intermediate and Senior Technical Assistants for 

Weight Estimating and Control, 
and there is one vacancy in their new West End of London 
Design Office for a 
Senior Weights Engineer. 

Qualifications required are an Ordinary or Higher National 
Certificate in Engineering, with some experience in similar 
work for the intermediate and senior posts. 

Salaries, working conditions and prospects of promotion on 
merit are excellent. Applications, giving details of experience 
and qualifications, should be addressed to the Personnel 
Manager, Bristol Aeroplane Company Limited. Aircraft Divi- 
sion, Filton House, Bristol. 


DOWTY 
EQUIPMENT LIMITED 
require 


FIRST-CLASS SOUND 
PRACTICAL ENGINEERS 


preferably with some experience of design, development 
and testing of jet engine accessories, particularly flow, 
acceleration and speed governing controls, burners and 
pumps. Exceptional prospects of advancement. 


SENIOR DRAUGHTSMEN 


for development work on Fuel Systems. Experience on 
light hydraulic or pneumatic controls acceptable. 


SENIOR DRAUGHTSMEN 
for Hydraulic and Undercarriage Department. 
Also 
JIG AND TOOL 


DRAUGHTSMEN 
STRESSMAN 
Important positions with prospects. 


The Company’s conditions are exceptionally good; there 
is a realistic pension scheme and the environment is ideal. 
The Company employs a Housing Officer who will render 
every assistance. 


Write, preferably in tabulated form, to: 


PERSONNEL MANAGER 
DOWTY EQUIPMENT LIMITED 
CHELTENHAM 
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D.S.LR.: SUPERINTENDENT OF THE AERODYNAMICS 
DIVISION, NATIONAL PHYSICAL LABORATORY 
HE Civil Service Commissioners invite applications for the 

pensionable post of Superintendent (Deputy Chief Scientific 

Officer). Candidates must have been born on or before 31st 

December 1921. They must have a First or Second Class 

Honours degree in a science subject or equivalent qualifica- 

tions provided that a candidate without this qualification but 

of high professional attainments may be considered. They 
should have considerable research experience in aerodynamics, 
ability to direct and control the work of a research staff, and 

a broad outlook on the possibilities of research applied to 

industry. The Aerodynamics Division is mainly concerned 

with theoretical and experimental research on high-speed and 
low-speed aerodynamic problems. 

Inclusive London saiary: (men) £1,950-£2,125; 
£1,775-£2,050. 

Further particulars and application form from Civil Service 
Commission, Scientific Branch. Trinidad House, Old Burlington 
Street, London, W.1, quoting No. $4201/53. Application forms 
to be returned by 21st May 1953. 


(women) 


ARNBOROUGH, HANTS., ROYAL AIRCRAFT ESTAB- 
LISHMENT TECHNICAL COLLEGE requires:— 


Lecturer in Aircraft Structures to teach subject to final 
B.Sc.(Eng.) and H.N.C. standard. Facilities for research may 
be available. Qualifications: Degree with considerable teach- 
ing and industrial or research experience. 

Salary on Burnham Scale for Technical Colleges with appro- 
priate allowances for training, experience. etc.. and subject to 
usual deductions for superannuation. 

Details and forms from Principal, to whom completed forms 
must be returned within 14 days of this notice. 

See also next page 


Of particular interest to 


STRESS ENGINEERS 


Saunders-Roe Ltd. require the services of a limited 
number of qualified Stress Engineers to work on an 
interesting and intensive programme on advanced 
types of aircraft. This is work of National Importance 
in congenial surroundings, and the Company will be 
able to assist successful applicants with suitable 
accommodation. Good salaries will be paid to men 


of proved ability and experience. 


Enquiries will be welcomed by :— 


THE CHIEF DESIGNER 


SAUNDERS-ROE LTD 


OSBORNE - EAST COWES - 


ISLE OF WIGHT 
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NGINEERING PHYSICISTS required for the development 

of aeronautical structural test techniques on ground and 

in flight. Apply to Employment Manager, Vickers-Armstrongs 

Limited, Weybridge Works, Weybridge, Surrey. Applications. 

with certain exceptions, are subject to the approval of the 
Ministry of Labour and National Service. 


ENIOR DESIGN DRAUGHTSMAN required for the 

design of aeronautical structural test equipment. Apply 

to Employment Manager, Vickers-Armstrongs Limited, Wey- 

bridge Works, Weybridge, Surrey. Applications, with certain 

exceptions, are subject to the approval of the Ministry of 
Labour and National Service. 


GLOSTER 
HUCCLECOTE 


AIRCRAFT 


Can offer excellent opportunities for advancement to:— 
AERODYNAMICISTS 


with a minimum of 4 years’ experience. 


The conditions of employment are good with progressive salary. Good sports and welfare 
facilities, pension scheme, etc. 


Applications stating age, previous experience and employers, should be addressed to the 


CHIEF DESIGNER 


co. LTD. 
GLOUCESTER 


TRADE MARKS SECTION 


ACCLES G POLLOCK LTD. 


AUTOMOT!VE PRODUCTS CO. LTD. 


AEROPLANE & MOTOR ALUMINIUM CASTINGS LTD. 
ERDINGTON, BIRMINGHAM. 


BLACKBURN G GENERAL AIRCRAFT LTD. 


AIRCRAFT MATERIALS LTD. 


STRUCTURAL MATERIALS 
and COMPONENTS 
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BOULTON PAUL AIRCRAFT LTD. 
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